DOCUHNENT RESONR

D 100 360 IR 001 u59

AUTHOR Ott, Mary Diederich

TITLE The Pvaluation of Two Methods of College Physics
Instruction. Pinal Reporet.

INSTITUTION Cornell Univ., Ithaca, ¥N.Y. Center for Improvement of

SPONS AGENCY

Undergraduate Education.
Alfred P. Sloan Foundation, New York, N.Y.

PUB DATE Dec T4

NOTE 102p.

EDRS PRICE MP-3$0.75 HC-$5.40 PLUS POSTAGF

DESCRIPTORS sicadeaic Achievement; Classroos Observation
Techniques; College Science; Comparative Analysis;
*Conventional Instruction; Course Bvaluation; Higher
Pducation: *Learning Laboratories; Lecture;
sparticipant Satisfaction; *Physics Instruction;
Student Attitudes; Teaching Methods

IDENTIFIERS *Audio Tutorial Instruction; Mathematical Aptitude

ABSTRACT

Tvo instructional methods for a freshman physics
course vere compared: audio-tutorial (AT) instruction in a learning
center and lecture-recitation-laboratory (LRL) instruction. Both
randos assignment and student preference vere used to distribute the
575 students between the two methods. Course content, homework, and
tests vere identical. Achievement was evaluated by exam grades,
adjusted for SAT math scores and math pretest scores. Qutestionnaires
vere used to gdauje student attitudes tovard the course. To determine
long range effects of the rvo instructional methods, an analysis vas
made of the progress of the students, in terms of choice of physics
classes, was designed to measure content and behavior under AT and
LRL instruction, to show variations between the two methods, and to
deteraine interrelationships among student achievement, student
evaluation of teachers, and teacher behavior. Results indicated that
AT and LRL lead to similar levels of achievement, but students with
low math aptitude 4id better under AT while high math achievers daid
better under LRL. The observation instrument is included. (31)




..... .

L -

FINAL REPOWT 1O ToE SLOAS TOUNDATTON

0O

MY

D T Bvaluation ol Two Methods

- of College Physles Tnatruction

£

(W |

Mavy Dicderich Ott

Principanl Investigator

December 1974
‘enter for the Improvement of Undergraduate Fducation
Cornell University

fthaca, New York

TR OO0 | 4.59

Lo
tud




I.
II.

III.
IvV.

v.
VI.

Table of Contents

Introduction..ceecesceneescencecassontcesassssssoscsancssnnss 1
Achievement and Attitudes of Students in the Two Methods..... 5
A. Student Achicvement......ocveeeosnccsscoscsssssassssccnces I
B. Student AttitudeS....cseeececececccococsocsosvcronsasssasslbd
Longitudinal Study of Student Achievement..........c.cc00....20
Observations of Instruction......ccveveeeesoscesnceccsacescse’
A. Llearning Center Observations.....ccce.ceeeesccesnceceeane2d
1. Student Activities....cevvevevsnonereccnncncessossessll
2. Tutor Activities....evieveviieneerennnrcerncseenneasa30
3. Differences Among Teachers.....ceececceccsssccsasacss30
4. Number of Student Hours in Learning Center...........32
B. Observations of Lecture and Recitation Instruction.......34
1. Lecture Observations and Recitation Observations.....35

2. Observation of Recitation Instruction: Method,
Observer, and Teacher EffectS...cuicieccccscescoseessad

a. Content CategorieSOU-.ul.-luuoonolu.lun-oulu..l.0£.2
b. BEhaV]'.Or Categories;-..uuuu.o.ll-l-.-...l.-50509044

3. Relations of Recitation Observations to
Student Achievement....c-cceeeescoocacsncsosvcccsacsosessh?

4. Relations of Recitation Observations to
Teacher Ratingsl..ll.ll....l...lll.l.ll...l.ll.l.llllsz

Conclusion: Cuidelines for Course DecisionsS..iccevececcencsedhd

Appendices



e ST

I. Introduction

This report is concerned with the evaluation of two methods
of instruction used in a college physics course at Cornell University.
The two methods are audio-tutorial instruction and iecture-recitation-
laboratory instruction. The evaluation was conducted during the aca-
demic year 1973-74.

Th research program investigated a number of related areas:

1. The effects of the two methods of instruction on levels
of student achievement and on student attitudes toward the course.

2. Longer term effects of the two methods in terms of
achievement and areas of interest subsequent to the course.

3. Characteristics of the major components of the two me-
thods of instruction, i.e., lecture, recitation, and learning center
instruction.

Following a description of the course, the methods of i1a-
struction, and the methods of assigning students, these three areas
will be considered in detail. The report concludes with guidelines
for the use of audio-tutorial instruction and lecture-recitation-
laboratory instruction.

A number of persons at Cornell University have made signifi~-
cant contributions to this research. In particular, David Macklin of
the Center for Improvement of Undergraduate Education has contributed
to every phase of the work. Stephen Brock, also of the Center for
Improvement of Undergraduate Education, served as project director.
Walter Federer and Jason Millman provided advice on experimental de-
sign and statistical analysis. Donald Lickason, Donald Burgett, and
Barbara Hirshfeld assisted by providing student aptitude test informa-
tion. Patricia Musick, Catherine Clark, and William Lovejoy per-
formed invaluable service as observers of instruction. The Division

of Basic Studies of the College of Engineering, and the faculty,

teaching assistants, and students in Physics 112 cooperated with the

research project despite the occasional inconvenience it entailed.
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‘The Course

The course in question, P112, Mechanics and Heat, is a one-semester
freshman level physics course offered to approximately five hundred and
fifty five engineering and physics majors each spring semester. In 1974
977 of the students were freshmen, 917 were males, and 907 or morc were
enrolled in engineering.

The subject matter of the course included classical mechanics,

special relativity and heat. The course textbook was Fundamentals

of Physics by David Halliday and Robert Resnick. This text was supple-

mented by notes on relativity written by the course professor, Jay Orear.

The Methods of Instruction

The course was offered to students via one ¢f two methods or
treatments -- a lecture-recitation-laboratory (<-ancvard) method of
instruction, and an audio~tutorial (a.t.) method. The content of the
instruction was similar in the two methods. In adaition, students in
both had the same homework assignments, the same .ab assignments, and
identical quizzes and examinations. Therefore the difference in treat-
ments was primarily one of instructional method, rather than of content,
assignments, or examinations.

The standard method of instruction included two hours of lecture
and two hours of recitation per week, aad a two-hour laboratory every
other week. (Lecture and recitation are described in more detail in
part IV BE.) Cn the average, twenty six students were assigned to each
recitation section and twelve to each lab section. Recitations and labor-
atories were taught by faculty members and graduate teaching assistants.

The audio-tutorial method included one hour of recitation per
week. This hour of group imstruction was included primarily to provide
an opportunity for group interaction, as well as student contact with
one particular instructor and an opportunity for testing. In the audio-
tutorial method, all other instruction took place at the student's
convenience in a learning center. The learning center was staffed by

tutors forty-seven hours per week. Materials available in the learning
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coarar ineiladed demonstracion copiratues for solf-demoustrations,
laboratory equipment, audio-tape commentacrics, and slides. The taped
commentaries and slides were coordinated with a study-guide developed
by the author and Professor John Silcox. Audio tape-slide-study gulde
sequences were intended in particular to assist students in learning

to solve physics problems. (The students' usage of the learning center
is described ILn Part IVA.)

Methods cf Assigning Students to Treatments

The research involved an experimental design intended to answer
questions related to: _
1. the methods of iastruction (audio-tutorial or standard)
2. the procedures of assigning students to methods of in-
struction.
The two methods have already been described. The two procedures
of assigning individual students to these methods were (a) random assign-
ment, (b) assignment according to student preference.

Thus our exnerimental design can be diagrammed as follows:

_Audio-tutorial Standard
Random

Preference

In detail, the students were assigned as follows:

Each enrolléd student was assigned to one of twenty-two recitation
sections. Students were assigned to sections at a given class hour on
the basis of their other scheduled classes and their personal preferences.
The fifteen sections scheduled at four of the class horrs were then se-
lected for inclusion in the study. (These four class hours were selected
because three or more sections were scheduled at each of these hours.)
Eight of these sections became standard recitation sections. Seven be-

came audio-tutorial recitation sections.
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At two of the four class hours included in the study, studenis
were randomly assigned to treatments and to recitation sections within
the treatments. At the other two hours, students were assigned to
treatments on the basis of their prelerences as expressed on a question-
naire administered at class meetings during the first week of the
semester. Within each of these two hours, students were then randomly
assigned to specific sections within the preferred treatment.* In 1974
the result of these procedures was the formation of four audio-tutorial
random (ATR) sections, four standard random (STR) sections, three audio-
tutorial preference (ATP) sections, and four standard preference (STP)

sections, as indicated in the following diagram.

Audio~-tutorial Standard
Random 4 4
Preference 3 4

Eight teachers, including two faculty members and six graduate
students, taught these fifteen sections. Seven teachers taught one
audio-tutorial and one standard section each. One graduate student taught
two standard sections, only one of which was included in the study.

We turn now to consideration of the three areas of research re-

ferred to in the Introduction.

* At each of these hours, some sgtudents were assigned to a method
contrary to their preference in order to balance class sizes. These 23
students are not included in the subsequent analyses.



Lt Avhiovement aud cttitudes oip Studeats ia the Ywo Methods

A. Student Achievement

In considering the achicvement of the students, we concoptual-
ized the problem as one of possible trait-treatment interactions. ‘That
is, we determined whether student characteristics such as aptitudes or
previous achievement predicted greater achievement in one method (treat-
ment) chan in the other. The resr'ts of research completed early in
this project indicated that in f such an interaction existed when the
course wa- offered in the Spring semester, 1973. In that case, two
"eraits" were important -~ achievement in math, and math aptitude. Stated
briefly, the 1973 results were as follows.

Students with very high math aptitude (SAT Math scores of 725
or higher) and high math achievement on a course-specific pretest, had
higher predicted grades ia the standard method than did comparable stu-
dents in the audio-tutorial method. Students with relatively low math
aptitude (SAT Math scores of 625 or lower) and low math achievement, had
higher predicted grades in the audio~tutorial method than did their
counterparts in the standard method. Predicted grades of students hav-
ing traits in the intermediate range of math aptitude and achievement
did not differ significantly in the two methods. These research findings
and the research design used in 1973 are described in detail in the ac-
companying paper, "A Trait-Treatment Interaction in a College Physics
Course" (Appendix‘A){ However, there are two points to be added to this
report. The first is that math achievement was a more important trait
fn this research than was mathematical aptitude. That is, the math pre-
test scores accounted for a greater proportion of the variance in the
grades than did the SAT math levels. The second point is that within
the audio-tutorial method there were differences in achievement between
the students assigned randomly and those assigned according to their
preference. When math aptitude and math achievement were taken into
account, audio-tutorial students who had been assigned randomly had sig-
nificantly higher achievement than those assigned according to their
preference. This result is suggested in Table 3 of the Trait-Treatment



Interaction paper* and was verified by weans of a Johnson Neymaa ana-
lysis of the interaction.

When the course was offered in the Spring scwester 1974, we
sought to determine whether the results of the previous year would be
reproduced. To this end, we did not reveal these results to ary of
the course instructors other than the faculty memper who had directed
the course in 1973. We also tried to maintain fairly similar conditions
in the course by again having each teacher teach a section in both methods,
by having uniform quizzes, homework and exams, and so forth. However,
changes beyond our control did occur. The major ones were as follows:
(1) a different faculty member directed the course and lectured to the
"srandard" students than in the previous year; (2) the two interim exams
were one and a half hours long instead of one hour; (3) the exams were
constructed primarily by the course professor rather fhan by committees
of instructors; (4) the lecturers utilized an "Instant Response System"
which allowed the professor to learn student responses to questions by
means of push-buttons at the students' chairs; (5) furthermore, the size
of the course was decreased somewhat and the range of student abilities
was thereby diminished because more students of high math aptitude and
achievement had been encouraged to take the course during the previous
term. '

These changes are imporiant in terms of comparing the research
conducted in 1973 with that conducted in 1974. Taking each change in
order:

(1) The change in professor decreased the degree of coordina-

tion between methods because the professor who gave the lectures in 1973
was one of the developers of the audio-tutorial material and the newly
assigned professor had no experience with the audio-tutorial method of
instruction. (This cnange may also have affected the difficulty level

of the lectures. I believe that the professor in 1974 directed the lec-
ture to students having lower ability levels than did the professor in
1973.)

% 1 am gratefu' to Lee J. Cronbach for polnting out this effect.



(2) The longer czamination time poeriod probably resulived ia
docreased tiae pressace in-thn orams in 1974 relative to 19773,

(3) Due to the Fact that the exams were priwarily constructed
by oie fudividual in 1974 and by comaittecs in 1973, the exans in 1974
appedr to have been more homogeneous and to have neasured a narrower
ranga of student leorning than did those in 1973,

(4) The “instant rcsponse system'' has been found by Professor
R. Lictauerlat Cornell to lead to increased student interest and to
maintain higher levels of student attendance at lectures.

(5) The decreased range of student abilities affected both
what was required of instructors in the classroom as well as.the level
of significance of statistical results.

These differences have been included here to help point out the

difficulties inherent in attempting to reproduce a study of teaching,
and to put in perspective the results of the 1974 research concerning

achievement.

In 1974, the research concerning student achievement indicated
major differences between the effects of random and preference assignment
procedures:

(1) Among students who were randomly assigned to the methods
there was a minor indication of an interaction similar to that found the
previous year. That is, students who had higher math achievement did
slightly better in the standard method than in the audio-tutorial method.
Those with lower math achievement did slightly better in the audio-
tutorial method than in the standard. However the difference in the
slopes of regression lines and therefore the intcraction that was ob-
tained were not statistically significant. Furthermore, math aptitude as
measured by SAT math scores was not highly related to grade in either

method for randomly assigned students. (Please see Figure 1.)

1) R. Littauer, "Instructional Implications of a Low~Cost Electronic
Student Response System,” Educational Techmology, XII (Oct., 1972), 69.
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In combination with the 1973 results, these results indicata
thai there may boe a towdency to a trait-treatmnent interaction for the
atapdard and audio=tutorial methods and that this teadency may ba re-
inforced to greater or lesser degrees under different course conditions
and with different course instructors.

(2) .wong students assigned by prefcrence, those who se-
lected the standard method clearly achieved higher final grades than
did those who selected the audio-tutorial method.* Using the Johnson~-
Neyman technique to detect regions of significant differences between
treatments, we compared the predicted grades for the audio~tutorial
preference and the standard preference students. We obtained the fol-
lowing results:

a. For the range of student traits in our sample, the
predicted grade was higher in every case for the standard preference
group.

b. For a range of SAT Math values of about 630-670, the
predicted grades were significantly higher in the standard preference
group (level of siénificance = ,05). (Note that these SAT math values
are the actual scores received by the students, rather than levels as
reported in 1373.)

These results are sketched in Figure 2. Statistics are given
in Table‘l. In Figure 2 the cw\line is the line indicating equal pre-
dicted grades in the two treatments. Above this line, predicted grades
are higher in the standard preference group. Below this line, predicted
grades are higher in the a.t. preference group. Due to the fact that
no students had SATM scores which fell below the oqlline, the standard
preference treatment had higher predicted grades than the a.t. preference
treatnent for all students in the population. In addition, for an ellip-
tical region bounded by SATM scores of 630 to 670, predicted grades were
significantly higher in the standard preference treatment than in the

a.t. preference treatment (level of significance = .05). Thus the

% Note that the preference students who were assigned to a method con-
trary to their preference are not included in these and subsequent
analyses. However such students were included in the 1973 analysis.

AR |
L -
ool o



e

BEST COPY AVAILABLE
3C0 —
750
700
650~ .
s I N\ \ I
3 BN
600~ region of
% significant
= 5501 difference
}_.
<
9 500
?standard
450k |preference supefior
400+ audio-tutorial 077*'
preference superior . o
L | | | ;| 1 | l
0] I 2 3 4 5 6 4 8
Math  Pretest (Number of Errors)
Figure 2




Regression
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Means

Standard
Deviations

Correlation
Coefficients
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Table 1

Pagic Sraristics for Johason=Nevmra Analysis

Treasments

Audio-tutorial Preference ¢, _andard Preference

N1= 52 N2= 88

z = 14.283+.527x-.012y u = 16.201+.516x~.017y
fl = 2.50 f? = 2,68
j? = 689.6 Z; = 674.0

z = 7.04 u = 6.23
Ox' = 1.67 Tx" = 1.71
Gy = 54.6 Ty" = 54.8
0, = 3.22 e =3.19
r , r _n

xy' = —.437 xy" = ~.530
rxz = 4,365 rxu = 430
Yyz = -.329 Tyu = -.436

x = errors on math pretest

y = math SAT score

z = final grade in the audio-tutorial preference treatment

=
i

final grade in the standard preference treatment



performance of the standard preference studeats surpassed that of the
a.t. prefecoaes stulenis, Tt is of interest to note that tha a.t. pre-
foronce students received grades in their other courses which woere

lower thaa the grades achieved by each of the three other groups of
students, (standard preference, a.t. random, and standard random). Thus
lowver performance in P112 was not counterbalanced by higher performance
in other classes.

Assuming that there were no systematic differences between stu-
dents given the random or preference assignment procedures, the dif~-
ference in course grades between a.t. preference and standard prefer-
ence students and the lack of such differences within the randomly as-
signed groups require an explanation. It apparently is to be found in
terms of the motivation of the students who selected the a.t. method.
First of all, what were these students like in relation to those who chose
the standard method?

From the initial questionnaire we learn:

Twelve of the fifty-two (23%) who chose a.t. and stayed with
their choice had taken two or more years of high school physics, nime
of the ninety (10%) who chose standard had also taken two or more yeai's
of high school physics. Fifty of the fifty-twe (96%) who chose a.t. said
that they would succeed well or very well ir a science course without
pressures from teachers or other students. Only fifty-nine of the ninety
(667%) who chose standard so stated.

Tywenty-eight of the fifty-twé (54%) who chose a.t. thought P112
would be difficult, whereas sixty-three of the ninety (70%) Who chose
standard thought P112 would be difficult or very difficult.

None of the students who chose a.t. was registered in Math 191,
whereas eight. standard students were registered in this math course.

Math 191, a course taught in an "exam tutorial", self-paced format,.is
usually a prerequisite to enrollment in P112. Apparently students who
were behind in mathematics and who may have faltered in the non-traditional
mode of instruction in M191 did not choose the audio-tutorial method in
Pl12.



- 13 -

1n regard to tuelr previous oupericnce in science and math

Cottese s, only eight o of the fifty=two (15%) who clinae a.t. thousht re-
citations had been very heipful in the past. In coatrast, thirtyening
of the ninety (43%) standurd studeuts thought recitations had been

very helpful.

As far as math achievement and aptitude are concerned, those
who chose a.t. did slightly better on the math pretest (2.5 errors vs.
2;7) and had higher average math SAT scores (690 vs. 674). Mean SAT
math scores, math pretest scores,_and final grades are given for each
treatment group in Table 2.

As far as students' experiences in P1l12 are concerned, on a final
questionnaire students reported the following:

Seven of the forty-five a.t. students responding (16%) said
they stopped regularly attending the learning center by the fourth week
of the course. None of the seventy-four responding students in the
standard preference sections claimed to have stopped attending lecture
that early in the semester.

A.t. preference students appear to have spent fewer hours in
the learning center than a.t. random students. Moreover, twenty-four
of forty-four a.t. preference students (55%) said that they did not re-
gularly attend the 1earning center. The proportion in the a.t. random
groups was fourteen out of forty-four (32%).

A.t. preference students said they spent about five hours
per week outside class on P112, vs. 8.6 hours for standard preference
students.

As far as achievement is concerned:

The standard preference students had a considerably higher
average grade on the first prelim than did those who chose a.t. Other
test grades did not differ significantly.

Finally, as mentioned earlier, the a.t. preference students
had slightly lower grade point averages in their other courses than

standard preference students.

b
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The picture whichh eneryes of the "prefeceace” ctudens who cavae

the audio-turorial method is that of a faivly confidont group of studeats

aics. Morcover they apparently hod

with a fairly good preparation in phy

not fouud forial elassroow instruction particularly wseful da scicnes: and

-

wath courses in the past. ‘they selected the a.t. method buc in many cases
made very little use of the available materials., Perhaps they put too

much faith in their preparation in physics, as indicated by the low scores

on the first test which mainly emphasized material treated in high school

physics classes.

boh
o



- 16 -

B. Student Attitudos

Srutont attitules tovard the andio-tutorial and standard methods
waod o P12 wore cvaluated byoneany of a4 questionnaire completed by,
arudents at their last recitotion meeling of the semester. This pro-
cedure was followed in 1973 and in 1974. The questionnaires used in
1973 and in 1974 were similar in construction, involving evaluatioas
of various aspects of the course and of the methods of instruction,
as well as ratings of instructors.

In order to determine student attitudes toward the methods of in-
struction, two fairly global statements were included in each question-
naire. Students were asked to indicate the extent of their agreement
with each statement by indicating either strongly disagree, disagree,
neither agree nor disagree, agree, OT strongly agree. The statements
are as follows (with the appropriate method indicated in each case):

1) 1In general, I have been satisfied with the audio-tutorial
(standard) method of instruction used in P112

2) I am glad I took the a.t. (standard) version of P112
rather than the standard (a.t.) version.

Student responses to these two statements are reported in Table 3
for both 1973 and 1974.

In general students tended to indicate greater agreement with the
second statement than the first statement. That is, some students indi-
cated that they were not satisfied with the method they received, but
that they nonetheless were glad they took that method rather than the
other method. |

As far as assignment procedures are concerned, preference groups
uniformly indicated greater agreement with both statements in both years
than did random groups. '

As far as methods of instruction are concerned, audio-tutorial stu-
dents indicated greater agreement with the second statement in 1973
than in 1974. Standard students' opinions did not shift significantly
from 1973 to 1974.

b
O
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Table 3. teccentage oo dtudent Respolacs LO

Cuestionnaire Statenents.? BEST con AVA".ABLE

Starceent 1o la geacraly T have been satisfied with the audio-tutorinl

(standard) method of instruction used in P112. _
Percentage of Responses

Year GCroup Total N Agree/Strongly Agree Neutral Disagree/Strongly
Disagree
1973 ATR 51 41 16 43
ATP 38 53 18 ' 29
STR 93 43 31 26
STP 73 50 25 25
1974 ATR 44 30 27 43
ATP 44 57 9 34
STR 52 35 25 40
STP 69 55 17 28

Statement 2. I am glad I took the a.t. (standard) version of P112

rather than the standard (a.t.) version.

1973  ATR 52 L8 27 25
ATP 37 70 11 19
STR 93 59 26 15
STP 74 67 23 10
1974 AIR 44 39 20 41
ATP 44 57 14 29
STR 53 62 28 10

STP 69 75 16 9

%* Only those students who had initially preferred the method they were

assigned to were included in the totals for preference groups. Students
assigned to preference groups contrary to their preference tanded to be

very negative about the methods they received.
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Standard and audio=tutorial stuedents did not difter in the pattern
of theiv rosnonses to ataterent 1 either in 1973 or du 1974, Chanpes
vhich occurred in resnonses to statenent 1 consisted In less agrecoront

with the statement among randomly assigned audio-tutorial and staandard
students in 1974 compared with 1973,

Ruspoﬁses to statement 2 indicated fairly similar resoponses awon(
audio-tutorial and standard students in 1973. lHowever there was de-
creased agreement with the statement among audio-tutorial students in
1974 relative to 1973 and slightly increased agreement among standard
students in 1974 relative to 1973.

In summary:

1) Students assigned by preference expressed more positive atti-
tudes toward the method they received than did students assigned by ran-
dom procedures.

2) Audio-tutorial and standard students tended to be equally
satisfied with the method they used (Statement 1).

3) In 1974, but not in 1973, standard students were more likely
than audio-tutorial students to say that they were glad to have taken
their method of instruction (Statement 2).

The greater disaffection with instructional method among audio-
tutorial students may have been due to problems experienced in 1974 in
coordinating the two methods of instruction, to increased problems with
the availability of laboratory apparatus, to personnel changes, or to

other causes.

In summary, therefore, we have learned that student achiévement did
not differ in 1974 among audio-tutorial random and standard random stu-
dents. However, achievement was higher for standard preference students
than for audio-tutorial preference students. In combination with the
finding that in 1973 achievement was significantly higher for audio-
tutorial random students than for audio-tutorial preference students,
one has reason to question the advisability of allowing students to

choose a method of instruction.

.
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in regacd to athitude, we have found tiat students assigned by
preference vere more satisfiod with the mnethol of instruction thoy
recoivad than were randomly assigned students. PFurthermore, in 1974
audio-tuto.ial stodents wore wore likely to say they would have pre-

forred the alternative method than were standard students.



L. Lonaitudinal Study of Studeat Achicvenent.

In ordor to deteomine whetber there vere longer-vange effects of
the differeaces in methods of instruction, we analyzed the progress of
the engincering studonts in the 1971 sample (abowt 907 ot the sample).  We
looked at the studeats in the a.t. and standard random sectioans (ATR
and STR), and those in the a.t. and standard preference sections
(ATP and STP). As in the research reported in Appendix A, we included
only those students in the random sections who had been originally
assigned to the recitation which they continued in, and only those pre-
ference students who actually obtained the method they preferred and
and who did not transfer sections. Students who dropped P112 or trans-
ferred sections were excluded? We sought to determine: 1) whether
these groups of students enrolled in the same selection of engineering
courses; 2) whether there were any negative effects of the audio-
tutorial method wh'n students returned to a lecture-recitation-lab
format in their science courses; and 3) whether audio-tutorial and
standard students had different attrition rates in later semesters.

A word is in order about the typical pattern of courses for sopho-
more engineering students at Cornell. Usually these students take one
physics course (P213) in the first semester and two (P214 and P216) in
the second. They also take two engineering courses each semester,
usually from a selection of seventeen "basic studies" courses. We found
however, that the approximately 240 engineering students in our sample
who enrolled as sophomores enrolled in a total of 35 different engin-
eering courses, including some upper division courses. On the other
hand, only six engineering courses had substantial numbers of these
students enrolled. These six courses were:

Computer Science 202 (Computars and Programming)
Engineering 9160 (Introductory Probability)
Engineering 4210 (Introduction to Electrical Systems)
Engineering 1021 (Mechanics of Solids)

* See p. 6 of Appendix A.
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Pasineeriny G0l (lecnaaical Proparties of Matorials)

Enrineering 3031 (Totroductioa to Thermodyanics)

Percentagos of the students from each resecacch group in cach of these
courses are iandicated in Table 4. It is apparent that there were no

drastic differences in enrollament patterns from the four researcy ¢.ouna,

Table 4. Enrollment in Engineering Courses
(Percentage of Groups)

__ _Course - ATR ATP STR STP
Computers and Programming 29 33 33 30
(202)
Introductory Probability 73 50 66 61
(9160)
Introduction to Electrical Systems 63 70 58 58
(4210)
Mechanics of Solids 51 47 57 64
(1021)
Mechanical Properties of Materials 25 20 31 24
(6261)
Introduction to Thermodynamics 29 33 22 26
(3631)
Numbers in groupns 51 30 86 74

Bafore turning to the achievement of the englneering students in

engineering and physics courses, four po! .ts should be noted:

1) The STR.group included 96 engineering students in Spring
1973, and the ATR group included 57. This standard random grovp had
somevhat higher SAT math scores and somewhat lower math achievement
scores than the a.t. random group. As attrition occurred during the
next two semesters, these relationships were maintained.

2) The ATP‘grOup included 37 engineering students in Spring
1973 and the STP group included 83. This standard group had lower SAT
math and math achievement scores than the a.t. preference group. As
attrition occurred, the math achievement and the SAT math differences

continued through Spring 1974 although the differences became attenuated.

ot
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B bt et enylune e gtadeet o bl reeotead st
nivicant by lower average prades in Y112 thaw did those in the a.t,
mothod.  The audio=tutorial preforence engineering students had re-
cetved slightly lower grades in P12 than did those in the stnndard
prefervnce group and significaatly lower grades thim did thouse in
the a.t. raondom group.

4) Finally, one must caution that it is somewhat risky to compare
performance of the groups of students in the engineeriny courses be~-

cause assignment to these courses was not random.

The only clear pattern which emerged from an analysis of student
grades in these six engineering courses is that students from the stan-
dard random group had the lowest average grades in five of the six
courses (that is, all but Engineering 1021 -- Mechanics of Solids).

In regard to physics courses, there was no appavent difference in
the (small) numbers of engineering students from the four groups who
enrolled in the honors version of these courses. In regard to the pny-
sics courses taken by most engineering students we obtained the follow-
ing results: _

Random sections: 1In P213 (Electricity and Magnetism), stu-
dents in the standard random group received lower average scores than
those in the a.t. random group. MNine students from the standard randem
group did not re-enroll in the subsequent semester. In P214 (Optics,
Waves, and Particles) and P216 (Laboratory), there were no large differ-
ences in average grades.

Preference sections: In P213 there was no difference in aver-
age grades; in P214 the standard preference students had substantially
higher grades than the a.t. preference students. In P216 the standard
preference students had somewhat higher grades than the a.t. preference
students.

Further, we analyzed the overall performance of the four groups
of engineering students in their sophomore year. As the measure of overall

achievement, we calculated the product of each student's grade point

Lol Sl

e d




- 23 =

[ 1

QUetiga Diens the Lotal auaoer of ¢ T e Looh Lol s

poster.  Coroaring values ol theso products for the Fall semester 1973
and the Spring somenter 1924, we obtained the following results:

Duting the first scmester of the sophomore year, stodonts frow
the u.t. random sectlons hiad somewhat higher achicvement than stan-
dard random stuleats. However after the attrition of nine of the
ctandard random students and only one of the a.t. random students,
there was little difference in the achievement of students from the
two groups. On the other hand, during both semesters the standard
preference students had higher achievement than the a.t. preference

students.

Summarizing the course achievement results, it is clear that the
randomly assigned qudio-tutorial students performed at least as well
as (and generally better than) the randomly assigned standard students
in their subsequent courses. However, among students assigned by pre-
ference, the standard students performed somewhat better in some courses
than did their audio-tutorial counterparts. That is to say, the rela-
tions among the P112 grades of these groups of students were reproduced
to some degree in their later courses. Audio-tutorial random students
out-performed standard random students; standard prefercnce students
out-performed a.t. preference students. We belicve therefore that the
audio-tutorial students as a whole were not adversely affected when
they rcturned to lecture-recitation-lab format courses.

Finally, we will consider attrition rates of engineering students
in each of these four groups. Please refer to Table 5 for the number
of students in each of these four groups during each of the three

semesters.
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Table 9

Nuabar of Students in CGroups

Seneugor ATE ATP STR S5TP
Spring '73 57 37 96 83
Fall '73 51 30 86 74
Spring '74 50 27 77 72
attrition 7/57 10/37 19/96 11/83

7 attrition 12% 27% 20% 137

Thus the rate of attrition among a.t. random students wzs lower than
among standard random students; a higher rate of attritionm occurred
among a.t. preference students than among standard preference students.
Therefore rates of attrition were higher for those groups which had
lower achievement in P112 (ATP, STR). Neither method was superior in

regard to rates of attrition.

Summarizing the longitudinal study:
1) The audio-tutorial and standard students earolled in the
same selection of engineering courses;
2) There were no apparent differences in achievement favoring
the siandard students in relation to the zudio-tutorial students;
3) Audio-tutorial and standard students had approximately equal

rates of attrition.
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1v.  tbservations of instrucilon

This section is composcd of two pirts. The first dceals witih: ob-
servations of lesrning center instruction. The sccond deals with
obsarvations of recitations and of lectures. Observations were con-
ducted to delineate the characteristics of the two methods of in-
struction and thereby to make concrete the referent of this study

and to increase its generalizability to other situations.

A. Learning Center Observations

The purpose of the observation of students and of tutors in the
audio-tutorial learning center was to delineate ihe proportion of time
students and tutors spent in the many kinds of activities available in
the learning center. To this end we developed a fairly simple obser-
vation instrument and trained an observer in its use. (Please see
Figure 3).

The instrument was used as follows:

During a period of 62 hours (distributed throughout the semester
and representing each time period and day of week approximately equally),
the observer made nocations of the activities of the students and of the
tuior. That is to say, every five minutes she noted how many students
were engaged in each activity in Part 1 of the instrument, and which
activity in Part 2 the tutor was engaged in.

The results were analyzed as follows:

1) In terms of the total number and percentage of students en-
gaged in each activity under Part 1, both for the whole semester and
for each of seven time periods during the semester;

2) 1In terms of the percentage of time spent by the tutors in
each activity under Part 2;

3) 1In terms of the differences in time spent by the various
tutors in each activity under Part 2.

4) We also used the count of students present in the learning
center during the observations to estimate the total number of hours
students spent in the center. This number was then ccmpared with that

obtained from tutor reports and from students' own accounts.

<&
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Figure 3

Learning Center Observoations

(1) Student work
1. discussion of course materials
2. performing or looking a. a demonstration
3. filling out a unit evaluation sheet
4. viewing a film loop
5. doing homewerk
6. doing lab work
7. doing miscellaneous, non-course work, etc.
8. taking a pre-test
9. doing a lab report
10. waiting to talk to tutor
11. reading text
Study Guide Work
12. reading objectives
13. working on portions other than problems
14. just listening to tape
15. 1looking at slide and listening to tape
16. 1looking at suggestion slide
17. working out problem solution
18. looking at solution slide
19. checking or correcting one's own solution
20. copying solution without attempting problem first
21. taking or checking a self-test
22. referring to checklist

(2) Tutor-Student work, or tutor alone

1.

Vo~ WN

10.
11.
12.
13.
14.

tutor alone at desk or elsewhere, not in contact
with students or equipment

discussion of course material

helping student with demonstration

tutor fixing equipment

discussion of homework

helping with lab activity

discussing miscellaneous, non—-course topics
discussing a quiz

helping with lab report

walking around learning center, seeking questions
out of room

on phone

listening to tape recording

at blackboard

s
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L,  Studeat Activitics,

o all, 4794 notations were made to duscribe individual studont's
activities. Each noration referred to the activity of a single stu-
dent. The major activities cowprising 82% ot the total were as follows:
(see Figuroe 4)

1) 26% = 1lab work (i'6)
2) 20% = working out problem solutions in study puide (#17)
3) 15% = listening to tape recordings (#14)

4) 10% = doing miscellaneous, non-course work, entering or
leaving the room, etc. (#7)

5) 6% = discussion of course materials (gene.ally with tutor) (#1)

6) 5% = looking at a slide giving a solution to a problem in
the study guide (#18).

The observaticns of student activities were also analyzed for each of
seven time periods during the semester. These periods were as follows:

1) Feb. 4-10 = first week

2) Feb. 11-19 = period immediately prior to first prelim

3) Feb. 20 - Mar. 8

4) Mar. 9-24

5) Mar. 25 -~ Apr. 2 = period immediately prior to second prelim

6) Apr. 3-23

7) Apr. 24 - May 16 = end of semester
As Figure 5 indicateé, there was a greater amount of student time spent on
activities in the study guide relative to that spent on lab activities
prior to each prelim and the final exam. The figures also indicate a de-
crease in the average number of students present in theilearning center as
the semester progressed. These findings are in accord with informal ob-

servations of the learning center.

30
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2. 'Tutor Activities.

Ploven peraons sorved as learning conter tutors. Thes2 included
seven instructors (two faculty womboers and five physics graduate student:)
who taught audlo-tutorial and standard recitatioan sectioas, three graduate
si udents who taught standard lab and graded audio-tutorial students' lab
reports, and a faculty member who had helped to develop the audio-
tutorial materials (Dr. ott.)

One tutor was scheduled in the learning center at each hour of its

operation. However, occasionally a second tutor would also be present.

Thus there were 658 tutor activities noted during 619 observation periods.

The major activities comprising 87% of the total were as follows: (See

Figure 6):1) 33% = tutor alone at desk or elsewhere, not in contact with
students or equipment (#1)

2) 31% = tutor discussing course material [with a student](#2)

3) 147 = tutor walking around learning center, seeking
questions (#10)

4) 9% = tutor helping students with lab activity (#6)

3. Differences Among Teachers.

The various tutors behaved quite differently in the learning center.
Four tutors spent about half the observed time completely out of contact
with students (#1). Two sbent about half the time discussing course ma-
terial (#2). Two spent about 20% of the observed time helping students
with lab (#9) and three spent about 30% or more of the time walking around

 the learning center seeking questions (i0).

£
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1)

2)
3)
4)
5)
6)
7)
8)
9)

10)

11)
12)
13)

14)
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Minitatin and wmaxiaca voreearages of total observad thee cor tnedi=
vidual tutovs ln ecach wctivity in Part 2 of the instrumeat
wvare a8 follows:

Tutor Activitics Minimun Maximem

tutor alone at desk or elsewhere, not in 10% 557%
contact with students or equipment

discussion of course material 20 51

helping student with demonstration 0 2

tutor fixing equipment 0 22

discussion of homework 0 4

helping with lab activity 4 24

discussing miscellaneous, non-course topics 0 13

discussing a quiz 0 0

helping with lab report 0 0

walking around learning center, seeking 2 36

questions

out of room 0 8

on phone 0 4

listening to tape recording 0 7 (only one
tutor re-

at blackboard 0 3 presented)

-

4., Number of Student Hours in Learning Center.

An estimate was obtained of the average number of students present
in the learning center during the observation periods. That number is
4794 students/619 five-minute observation periods, or 7.74 students/
observation period.

On the basis of counts made by the tutors of the number of students
present at each hour in ﬁhe learning center, the average number of students

present was 6.78 —~ in good agreement with that obtained by the observer.

s Toa
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These2 two numbevrs contrast with che total auwbar of hours roportaed
by stoedents oo "tiee cords" which they were asted to complote ecach tine
they worked in the learaing center. These totaled 2725 hours for 140
atudents.  Averaged over the approximately 640 hours in which the learning
ceatet was open, one obtaius only 4.3 students/hour on the basis of "time
card" reports. Thus students apparently failed to record about one third
of the hours they spent in the learning center.

From the student time cards, one calculates that the average stu-
dent spent about twenty hours in the learning center during the semester
or 1.4 hours/week. On the basis of tutor and observer counts of students,

one can assume that this number is closer to thirty hours per semester or

2.1 hours/week.,

£
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Be Ooservations oi Locture and Recitation Lastruction

Wo voere interestad in obuserving Loth copgnitive and beliavioral as-
pects of physics lecture aud recitation instruction, with our primary
concern being the cognitive realm. Howecver, a thorough review of the
literature did not reveal any observation ingtrument suitable for ob-
serving cognitive behavior in a college physics classroom. The author
therefore developed such an instrument, patterning it, to some dugree,
on the Wright-Proctor Systemzwhlch was designed for use in the mathema-
tics classroom.

The instrument is intended for use in a physics classroom. It has
three components -- a list of "content" categories (please see Appendix
B) which refer to the function of the statements being made by the
teacher or by the students, a list of "behavior" categories (Appendix C)
which refer to the non-verbal behavior of the teacher as well as verbal
interactions between teacher and students, and a listing of the physics
topics being discussed. (These topics were noted but not analyzed.)

The two types of categories, content and behavior, correspond to an
attempt to consider both cognitive and behavioral aspects of physics
instruction.

Furthermore, audio tape recordings were made of most of the classes
which were observed. Tapescripts of a selection of these recordings
will be analyzed as a further probe into the cognitive aspects of physics
1nstruction.* |

Use of the observation instrument requires some knowledge of the terms
and forms of argument used in physics. Therefore a background in physics
was a qualification for observers. Two persons with at least twec years
of college physics instruction were selected to be observers. They vere
then trained to use the observation instrument by means of audio and
video tapes of physics lectures and recitations. A brief listing of the
instructions given to the observers is contained in Appendix D. The type
of form used for recording the observations in included in Appendix E.

2. Muriel J. Wright and Virginia Proctor, "Wright-Proctor System' in

Mirrors for Behavior II: An Anthology of Observation Instruments (Phila-
delphia- Research for Better Schools, Inc¢., Spring 1970) p. 26-3.

* Please see Appendix F for a report concerning the relation between
cognitive aspects of instruction and student achievement.
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A nysteratic doslign ot ovsecrvadclon wos deviged.  Foolh ot Jhe oo-
sevvars was assioned. to obsarve relected lecture and recitation classen
in P12, ALY cbaserved lectures were at the second of the two sche-
duled lectnre hours (t.e., 12:20 p.om.).  In addition, the obstervers
each attended fourteen dificrent recitation sections at various class
hours. Seven teachurs taught these fourteen sections. Each teacher
taught one standard and one audio-~tutorial recitation section. Standard
recitation sections were attended by students in the standard method of
instruction. These met for fifty minutes twice a week for fourteen
weeks. Seven standard sectinns were observed twelve times during the
semester, six times by each observer. The seven audio-tutorial sections
were attended by students in the audio-tutorial method of instruction.
These sections met for fifty minutes once per week. Each of these sec-
tions was observed six times, three times by each observer. Each section

was observed for about 43% of the class meetings.

The main functions of the observation instrument were to 1) specify
the nature of lecture and recitation instruction in this course, 2) de-
termine the extent and kinds of variation among recitation instructors
and between standard and audio-tutorial recitations, and 3) provide a
Lasis for determining the interrelations among student achievement, stu-
dent evaluations of teachers, and teacher behaviors. FEach of these func-

tions will now be discussed.

1. Lecture Observations and Recitation Observations

Lectures were observed by at least one observer and frequently by
both observers. All twenty-six lectures were observed., In order to com-
pare observers' categorizations of the lectures, observations of a set of
thirteen lectures from one observer were compared with observations of
thirteen other lectures from the second observer. The quantity analyzed
was the total number of times each content category and each behavior
category were noted for each lecture observed. For each content category
and each behavior category, the two observers' totals for each of thir-

teen lectures were compared using the methods of analysis of variance.

S
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Lt Shenld be ﬁ.o.‘ud, hoawever, that contont categodies By Y9y and LU

wore comhined in the analvsis due to the sinflarity in the cognitive
level of those catenorios and to the srall number of observations in
cach category. (Category 8 refers to organizing or structucing the ma-
terial, category 9 to speclalizing to a particular case, and category
10 to generalizing to a wmore inclusive treatment from a particular case.
Note that 9 and 10 just indicate how often these catcgories were used
rather than the total amount of time spenc in these categories. For ex-
ample, the continuation of a generalization would be noted in other ca-
tegories, depending on the further content of the discussion.)

There were no significant differences between the two observers on
any of the content categories. There was, however, onc behavior cate-
gory for which differences between observers were significant at .05.
That category was category E which refers to erasing the blackboard, mov-
ing a view-graph, or removing a transparency from the view~graph. Thus,
cxrepting category E, the observers agreed in terms of lecture observa-
tions.

The mean values of the lecture observations are given in Table 6.
Recall that two observations were made every minute. Thus a mean value
of 11.35 for category F indicates that, on the average, 11.35/2 or 5.68
minutes of each lecture were included in categorv F. (Category v refers
to the teacher performing a demonstration or showing a movie.) As indi-
cated in Table 6, the predominant content category in lecture was cate-
gory 3, the description of a physical system or process or demonstration
or the use of a diagram or graph to illustrate a process or kind of mo-
tion. That is, lecture emphasized demonstrations.

Second in usage was category 7, deriving or explaining an equation or
formula with explicit reference to its physical meaning or implications.
The only other content category which received an average of more than
six notations per lecture was the combined category formed from 8, 9,
and 10. These deal with organizing or structuring the matcrial, general-

izing, or specializing.
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Tabr e o
Meao Values of Loecture Observations
Contept Catcopories Behavior Categories

0 5.15 0 28.19
1 Y A 12
2 5.81 B 26.88
3 35.04 C 04
4 5.58 D 13.35
5 5.81 E 2.27%
6 1.96 F 11.35
7 18,47 G 2.00
8, 9, 10 11.73 H .38
11 1.65 I 5.58

J 5.04

* observer disagreement significant at .05

Table 7

Meaan Values of Recitation Observations

Content Categories Behavior Categories
all sections a.t. standard all sections
0 * 11,98 6.51 0 37.50
1 7.28 A 27.39
2 4.82 B
3 25.63 C 12.79
A 8.44 D
5 4.41 E 1.73
6 7.44 F .63
7 24.69 (¢ 17.33
8, 9, 10 *% 5.71 9.15 H 2.09
11 .14 1
J

* difference between methods significant at .05

**x difference between methods significant at .01
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The prodoaminant behavior category was categoiy 0 which simply indi-
cates that none of the other bhehavior categories was appropriate. For
lecture, category 0 prioavily includes periodSs of time in which the din-
structor is simply speaking to the class rather than doing a demonstra-
tion, writing on the blackboard, etc.

The second most common behavior category, nearly equal in frequency
to the first, is category B, writing an equation or words on the view-
graph (overhead projector), or showing a prepared transparency of an
equation or of words on the viev-graph.

Category D, drawing a diagram on the viewgraph or showing a prepared
diagram on the viewgraph, was third in frequency. Category F, performing
a demonstration or showing a movie, was fourth.

Categories I and J both referred to the use of the Instant Response
System. This is a push-button system by means of which students' responses
to questions are recorded. The system was available only in the lecture
hall used on Mondays. Therefore the observations listed under I and J
represent behaviors observed at only half of the lecture classes. Thus
although an average time of about five minutes per lecture is indicated
in TaLle 6 for categories I plus J, there was no time spent on these cate-
gories on Mondays and about ten minutes spent in these categories in the

Friday lectures.

Recitation observations required a more complicated amalysis than did
lecture observations. There w re three primary factors in the analysis:
1) method (audio-tutorial or .tandard), 2) observer, and 3) teacher.
That is, tlrere were two methods, two observers, and seven teachers. The
detailed results of the analyses of variance will be described in section
2. However, the averages across teachers, methods, and observers will be
cited here for comparison with the lecture observations. “hese are listed
in Table 7. These averages represent observations of one hundred twenty~six
entire recitation sections. The averages were formed as follows: the average
for eighty-four standard recitation observations and the average for forty-

two audio-tutorial recitation observations were then averaged to form the

.‘1.,}
L%
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average for all recitations. Thus standacd and audio-tutorial recita-
tions received equal weight in the final averages. It should be noted
thnt‘ individual teachors differ significantly from the average on a
nunber of these categories.

As noted in Table 7, there were sigunificant method differences for
content categories 0 and the composite category 8, ¢, and 10. Thus for
these categories the averages for each method are listed rather than the
overall average. The explanation for these differences is apparently
that audio-tutorial recitations met only half as often as standard reci-
tations but both types of recitations had an equal number of quizzes.
Tnus a higher proportion of class time in audio-tutorial sections was
devoted to quizzes (which were categorized as 0). Apparently the time
pressures which resulted from fewer class hours caused the teachers to
use the higher order cognitive areas incladed in categories 8, 9, and 10
less ‘v a.t. sections than in the standard sections. No averages are
given for categories B, D, I, and J in Table 7 because view-graphs and
the Instant Response System were not available to recitation instructors.

As indicated in Table 7, the predominant content category used in
recitation was category 3. Category 7 was next in usage, nearly equaling
category 3. These are followed by category 0 in audio-tutorial recitations
and by 8, 9, and 10 in standard recitations.

1n terms of behavior categories, the most common ones used in recita-
tions were 0 (none of the others), A (writing an equation or words on the
blackboard), G (questioning or discussion with one student), and ¢ (draw-

ing a diagram on the blackboard).

Lecture and recitations, therefore, tended to be similar entities in
some respects. The same content categories predominated in iecture and in
standard recitations, although lecture emphasized descriptions of systems
(category 3) rather than derivations or explanations of formulas with re-
ference to physical meanings or implications (category 7). The "average"
recitation had approximately equal time devoted to these two areas.

As far as behavior categories are concerned, category 0 predominates

in both lecture and recitation. Category A is analogous to category B,



- 40 -

. ~

One notes that these categories oo aexsd o usigge o che two fToss ol
instructign. Thase reier to writing an equagion or words on the black-
board (A) or on a vicw-eraph (B).  Each Torm of fastruction included
about the same amount of drawing of diagrans on the blackboard (C) or on

the view-graph (D). However, lecture included a far greater cmphasis on
demonstrations (F) than did recitations. Conversely, recitations tended
to emphasize questioning or discussion with individual students (G) and
this category was infrequently noted 1n‘iecture. Note that this is to
be expected considering the purpose of the two forms of instruction.
Thus lecture and recitations on the average had many features in

comron. However, as will be detailed in the next section, the average
values given for recitations in Table 7 do not represent th2 diversity of

teaching styles which were observed in the recitations.

2. Observation of Recitation Instruction: Method, Observer, and Teacher
Effects

As suggoested earlier, the analysis of recitation observations was
far more complex than the analysis of lecture observations. The research
design for recitation observations had three factors -- method, observer,
and teacher. There were two methods, two observers, and saven teachers.
Each teacher was observed eighteen times, six times by each observeir in
the teacher's standard recitation section, and three times by each observer
in the teacher's audio-tutorial recitation section. Thus there was a total
of 126 observation periods, equally divided among teachers and among
observers. However, audio-tutorial classes were represented in forty-two
(1/3) of the observations, and standard classes were represented in eighty-
four (2/3) of the observations.

In analyzing each separate content and behavior category we employed
analysis of variance techniques. The quantity analyzed in each case was
the total for a catecory for an entire recitation period.

A sample analysis of variance table, indicating the sources of
variation and degrees of freedom, is presented here to indicate the

factors and the two- and three-factor interactions which were analyzed.
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Method

Observer

Teacher

Mcethod by Observer

Mathod by Teacher

Observer by Teacher

Method by Observer by Teacher
Error

OOt Ot 2

O

Total iig

For categories in which method by teacher interactions were found
to be significant, we revised the analysis of variance so as to con-
sider differences between recitation sections. That is, teacher and
method factors were grouped into a factor called "section'. The analysis

of variance table for this alternate analysis is indicated below:

Observer 1
Section 13
Observer by Section 13
Error 98
Total 125

A significant method by teacher interaction and thus a significant
section effect means that individual teachers differed in the ways they
taught their audio-tutorial sections relative to the ways they taught
their standard sections. :

The remainder of this section will treat the content categories and
then the behavior categories, looking at method differences, observer
differences, and teacher differences. Interactions will be mentioned if

significant. The level of significance was set at .05.
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a)  Coutent Categories

Cateoory 41.is awt. gnalyzed because ovapt § yoere teo rare to be
stable.

Intervactions

For category 1, there was a method by teacher interaction significant
at .01. Thus this category was analyzed by section rather than by method
and by teacher. These results are discussed under section differences.

No other interactlions were significant.

Method Differences

The only method differences were as follows:

For category 0 there was a difference between methods, significant at
.05. Category O was noted more often for audio-tutorial than for standard
sections. As mentioned in the section comparing lecture and recitation,
this difference is attributable to the fact that audio-tutorial .ections
spent proportionally more time taking quizzes than did standard sections.

For the combined category 8, 9, 10 there was a difference between
methods significant at .0l. Category 8, 9, 10 was more common in standard
than in audio-tutorial recitations. Apparently teachers reacted to the
fact that audio-tutorial sections had half as much recitation time by us-
ing these higher order cognitive categories less often in audio-tutorial
sections than in their standard sections.

Teachers appear to have treated audio-tutorial and standard sections
in fairly similar ways. However, they deemphasized higher order cognitive
categories 8, 9, and 10 in audio-tutorial sections.

Observer Differences

Observer differences were noted for category 1 (significant at .05),
for rategory 3 (significant at .05),and for category 4 (significant at
.01). These differences indicate a need to clarify distinctions among
catégories. Fortunately, however, these observer differences did not
significantly interact with method or teacher effects.

Teacher Differences (Please refer to Table 8.)

For purposes of comparison teachers will be referred to as I, 1I, III,
IV, V, VI, and VII. Significant differences were found in two content

categories.
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Teacher differences significant at .01 were found for category 4

-

which relates to stating or rephrasing a problem. Teachers T and 1V
had sicnificantly fever obscervations in this category than teachers TT1,
V, and V1I. (The RNeymnan Keuls analysis was used to test differences.)
Teacher differences significant at .01 were found for category 7 which
is concerned with describing or explaining an equation or formula with
explicit refereance to physical meaning or implications. Teacher 1 was
significantly higher on this category than teachers II, IIT, V, or VII.
These results for categories 4 and 7 indicate that some teachers
(I and perhaps IV) emphasized the statement of problems more than others
did (IIL1, V, VII, and perhaps II). Further they indicate that those
teachers who emphasized problem statements, :c-emphasized problem solu-
tions relative to the other teachers. Finally, teacher VI did not empha-
size either category relative to other teachers. |
One should note that all teachers had more observations in category
7 than in category 4. However, the ratio between the observations in

these categories varied from

32.44/2.94 ==11.0 for teacher I to
22.67/10.67=3 2.1 for teacher V.
Table 8
Mean Values of Content Categories for Teachers
Teacher 1 I1 111 Vv v VI VII

Content
Categories
0 3.83 9.56 6.78 7.83. 10.83 10.67 8.83
1*% standard 4.25 6.15 8.17 4.75 4.75 7.40 6.25
1%% a.t. 12,83 13.50 4,33 4.83 6.83 12.33 5.50
2 4.62 4,28 3.33 4.33 5.72 6.11 4.50
3 26.28 25.94 29.61 27.44 26.28 19.61 28.06
L% 2.94 9.61 10.33 4.89 10.67 8.56 11.94
5 4.22 9.00 4.44 4.94 3.89 3.50 3.67
6 4.28 5.94 6.33 9.50 6.61 11.28 7.50
7% 32.44 19.28 20.22 28.17 22.67 26.94 23.55

8,9,10 9.78 10.78 7.50 6.56 7.39 6.94 7.11

* Teacher difference significant at .01

%% goction diffecrence significant at .0l
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Section Difterences

Catceory 1, which iuvolves statements concerning course and class—
room administration, was analyzed by reeitation section due to a sig-
nificant method by rcacher interaction. Differences between sections
were significant at .01. All three of the sections which were high on
category 1 were audio-tutorial sections. These were taught by teachers
I, 11, and VI.

Sections significantly lover than these on category 1 were the
standard sections taught by I, IV, and V, and the audio—-tutorial sec-
tions taught by I1I, IV, and VII. In addition, the standard section
taught by IT was significantly lower on category 1 than teacher II's
audio-tutorial section.

Apparently a number of teachers used category 1 proportionally more
of the time in their audio-tutorial than in their standard classes.
However, other teachers apparently de-emphasized this area in their

audio-tutorial classes.

b) Behavior Categories
Categories B, D, I, and J did not pertain to recitation instruction.

Interactions

There was a method by teacher interaction for category A which was
significant at .10. For this reason category A was analyzed by sections.
There was an observer by teacher interaction for category F which
was significant at .01, and an observer by teacher interaction for cate-
gory H which was significant at .05. The observer and teacher main ef-

fects for these categories will therefore be considered in the light
of these interactions.

Method Differences

There were no behavior categories for which method differences were

statistically significant (at .05).

Observer Differences
For both category F end for category H there were obgerver dif-
ferences significant at .01, (F is concerned with demonstration, H with

discussions between the teacher and two or more students.) Observer 2



used eategory ¥ more often than did observer 1., Observer 1 used cate-
gory I more often than did obhscvver 2. However, these differences were
not consistent across teachers as indicated by the presence of observer
by teacher interactions.

Teacher Differences (Please refer to Table 9.)

Teachers differed on category 0 (none of the other behaviors), sig-
nificant at .05. The teachers highest and lowest in thig category were
teacher VI and teacher VII, respectively.

Category A (writing an equation or words on blackboard) is described
under Section Differences due to the method by teacher interaction.

Teachers differed on category C (drawing a diagram on blackboard),
significant at .05. Teacher VI was significantly lower on this cate-
gory than was teacher I.

Teachers differed on category G (questioning or discussion with one
student) significant at .0l1. Teacher I used this category significantly
less than all other teachers. Furthermore, teachers IV, 1L, and VI used
‘this category less than did teachers V and VII.

Category F and category H each reflected significant differences be-
tween teachers but were complicated by observer by teacher interactions.
However, for category F observers agreed that teacher VII was signifi-
cantly higher than all the others. There was disagreement on the rela-
tive amount that the other teachers used category F, but all were sub-
stantially lower than teacher VII.

For category H there is a substantial disagreement among observers

about individual teachefs which makes teacher differences unreliable.
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Moan Values of Behavior Catepories for Toachers

Teacher R [N Tt 1RY \Y VI VII

Bohavior

Categorions

0 39.17 42,33 31.28 38.22 32.33 44.56 31.11
A%*% gtandard 35.25 26.25 24.67 35.08 22.25 29.33 28.67
A%*% a.t. 28.50 19.50 30.00 24.00 24.83 31.00 24.00
C* 15.00 16.22 11.33 12.78 14.94 9.67 11.33
E 1.61 1.50 2.50 1.72 1.56 2.17 1.44
Fx* .33 .78 .22 .06 .22 .28 2.83
Gk 5.72 14.50 20.55 13.56 23.67 14.72 25.28
H (.72) (1.83)(3.39) (.89) (3.61) (1.39) (2.33)

* teacher difference significant at .05
*% teacher difference significant at .01
*%x% gection difference significant at .01

Summarizing significant teacher differences:

1) for category 0, VI used this category more than VII did;

2) for category C, VI used this category less than II;

3) for category F, VII used this category more than all other
teachers

4) for category G, I used this category less than all other
teachers and in addition, IV, 1I, and VI used the category
less than did teachers II and VIT.

Section Differences

Category A was analyzed by section due to the method by teacher
interaction. The difference between sections was significant at .01.
The difference found was that teacher IT used this category significantly
less for his audio-tutorial section than teachers IV and I did for their
standard sections. Other sections did not differ significantly. There
was no major pattern of differential usage in audio-tutorial vs. stan—

dard sections.

To complete this section on recitation observations, we wish to

stress the differences in teacher behaviors which make it difficult to
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dicate the rances of neaa values on each of the content and behavior

. cateyorics for the tenchers, <Theweenye given in Table 10 in minutes ..
per caterory rather than in obscrvatioas per catoegory.
Table 10

Range of Maan Values for Teacber Observations
(Values in Number of Minutes)

Content Categories Behavior Categories
Minimum Maximum Minimum Maximum
0o - 1.92 5.42 0 15.56 22.28
1% 2.13 6.75 A% 9.75 17.63
2 1.67 3.06 C 4.84 8.11
3 9.81 15.81 E .72 1.25
4 1.47 5.97 F .03 1.42
5 1.75 4.50 G 2.86 12.64
6 2.14 5.64
7 9.064 16.22
8,9,10 3.28 5.39

* given {or sections rather than for teachers

Clearly there was a broad variation in teaching styles used in these
recitations. The most striking example is category G which monitors how
much teacher-student interaction occurred. Clearly teacher patterns
varied from one in which very little teacher-student interaction occurred
(a lecture style), to one in which about 5% of a typical class period

was devoted to teacher-student interactions.

3. Relations of Recitation Observations to Student Achievement.

As has been emphasized by Rosenshine and Furst,3 it is important to
try to relate the results of classroom observations to student outcomes
such as course achievement. This step is important so that the ficld of
education can cventually accrue evidence as to the value of various teach~
ing characteristics, both cognitive and affective. At present only a small
number of affective characteristics and even fewer cognitive characteristics

have consistently been found to be related to student achievement.

3. B. Rosenshine and N. Furst, "The Use of Direct Observation to Study

Teaching”, in Second Handbook of Research on Teaching, ed. by R.M.W.
Travers, (Chicago: Rand McNally College Publishing Co., 1973), p. 122.

ey

g
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dont achicvenent, one must keep in mind the biadts of the presceit re-
search, 1Y First, a shall group of teachers was involved in the study
soven tenchers du Jovctecn recitation scections.  2)  Recitation was ooly
one instructional componcnt of the course. Students with unsatisfactory
recitatiou instructors could attempt to learn the course material through
lecture, the learning center, texts, and so forth. 3) All results arve
correlational rather than causal. That is, this study did not attempt
to alter teacher behavior and then to determine differences in student
achicvement. 4) Our measure of student achievement was fairly narrow.
Due to possible differcnces in grading practices for the recitation por-
tion of the grade, and to the fact that lab work was fairly independent
of recitation work, we used exam grades as the measure of achievement in
this part of the anralysis.

Within these narrow bounds we analyzed the correlation between teacher
behaviors and student achievement.

As the measure of teacher behavior we used the total number of obser-
vations in each observation category for each recitation section. The
totals are given in Table 11 for audio-tutorial sections and in Table 12
for standard sections. In Table 11 all totals have been multiplied by a
factor of two since these sections were observed half as often as were the
standard scctions.

As the measure of student. achievement, we used exam grades, adjusted
for SAT math scores and math pretest scores. For each student we formed
a total exam grade from the average of the two prelim grades plus the stu-
dent's final exam grade. The average value,gf this total exam grade for
cach recitatior sectlon is giver in the first column of Table 13. Using
analysis of covariance, we obtained adjusted values of the total exam
grade for each recitation section. The covariates were the SAT math scores
and the math pretest scores. The adjusted total exam grade, the average
SAT math score, and the average math pretest score ave reported for each

section in Table 13.
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Observation Category Totals

for Audio-pytorial Recitation Scetions#®

Teacher: 1 I1 IL1 v v VI VIl
Category
0 56 246 110 116 118 212 148
1 154 162 52 58 82 148 66
2 100 58 40 38 70 46 82
3 254 220 340 362 350 170 318
4 L4 104 148 74 126 100 118
5 56 96 46 24 40 42 26
6 56 52 100 104 72 164 100
7 354 184 286 294 306 348 284
8,9,10 66 98 80 56 78 66 36
0 524 598 396 426 376 604 352
A 342 234 360 288 298 372 288
C 162 166 122 170 174 22 124
E 16 18 28 16 16 20 16
F 6 0 6 0 2 2 26
G 72 182 252 220 316 188 346

¥ All totals have bzen multiplied by two in order to make these totals
comparable to those for standard sections which were observed twice as
often as audio-tutori-. sections.
Table 12
Observation Category Totals
for Standard Recitation Sections

Teacher 1 I1 III v v Vi VI
Category
0 41 49 67 83 136 86 85
1l 51 74 98 57 57 89 75
2 33 48 40 59 68 87 40
3 346 357 363 313 298 268 346
4 31 121 112 51 129 104 156
5 48 84 57 77 50 42 53
6 49 81 64 119 83 121 85
7 407 255 221 360 255 311 282
8,9,10 143 145 95 90 94 92 110
0 443 463 365 475 394 500 384
A 423 315 296 421 267 352 344
C 189 209 143 145 182 128 142
F 21 18 31 23 20 29 18
F 3 14 1 1l 3 4 38
G 67 170 244 134 268 171 282

&1
'Y




Due to the fact tht the sowe teaclhocs tancat oo gJudlio-tuiocial
rovitation and one standard recitation section, ve analyzed the dota
doparatcty for the awtiosratorial coctioniand Far the standard zections
and then compared the recults of these two analyses.  Thus for cach set
of snven recitation scctions and for each obscrvation category we oh-
tained the correlation coefficient assessing the degree of relationship
between total numbers of observations and adjusted exam totals. These
coefficients are listed in columns onc and two of Table 14. Finally, ve
averaged the two correlation coefficients for each observation category
using Fischer's r to z transformation. These average correlation coef-
flcients are listed in the third column of Table 14.

The correlation coefficients listed in Table 14 indicate trends in
the data. Of course due to the small number of teachers involved these
trends are only suggestive. Six correlation coefficients had the same
sign in both groups of recitation sections and were moderately large.

Two categories, 1 and 0, were negatively correlated with adjusted exam
scores. Four categories, 3, 4, C, and G, were positively correlated with
exam scores. These data suggest a negative relationship between an em-
phasis on course and classroom administration (1) and student achievement
on exams. Low usage of behaviors listed in the behavior categories was
also negatively correlated with student achicvement. This type of teach-
ing would be categorized in behavior category O and would be character-
jzed by a large amount of lecturing without props, writing on the black-
board, or interaction with students. On the other hand, describing a
physical system or process or a demonstration (3), stating a problem or
rephrasing a problem (4), drawing a diagram on the blackboard (C), and
questioning or discussion with one student (C) were each positively cor-
related with student achievement. Note that categories 3 and C often de-
scribed the cognitive and behavior characteristics of a given teacher
behavior, as were the categorles 4 and G. Thus the four positive cor-
relations found here are probably reducible to two -~- between the use of
behavior which would be categorized as 3C and the use of behavior that
would be categorized as 4G. Similar remarks apply to categories 1 and

0, since these often were used together to categorize a glven teacher

behavior.
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Poan Achiioveriar and Trodt Doty
For coein Roecitatict section
Adjusted Math
Number of Total Exam Total Exam Math  _Pretgst

Teachoer Studsnte® Seoress Seores SAT Frrors
" 1 26 120.92 119,48 690 2.42
g 11 14 96. 32 97.91 687 3.07
s g 111 21 131.95 126.42 694 1.81
& v 18 107.39 114.83 661 3.67
owu Y 19 125.08 127.74 679 3.11
98 VL 22 112.43 110.23 691 2.41
2 VII 18 111.28 110.52 690 2.67

Teacher

I 17 108.06 112.59 689 3.71

11 25 129.04 129.37 672 2.48
5 111 27 116.22 118.31 669 2.78
g g v 23 117.65 118.18 698 2.70
E'ﬁ v 19 127.05 126.67 . 683 2.58
® 3 VI 18 113.53 111.58 698 2.61
n oo VII 19 117.61 115.30 695 2.47

* The same criteria were used for including students' data as were

stated on page 20 of this report.

x% Scores differed significantly across the fourteen sections (level

of signifi

Category

» OTMDNOPO ONIVMBWNEO
- .
O
-
o
o

Averages

cance = .05.)

i 1.
[

Table 14

Correlation Cocfficients for
Adjusted Total Exam Scores vs Observation Categories

Standard (n=7)

Audio-tut

-.788
~.545
.035
.612
.224
~.514
-.010
571
-.085

-.619
.548
.086
.284

-.031
.202

orial (n=7)

.236
-.143
-,011

224

.376

.617
-.098
—u564

.191

-.170
-.611
.663
~-.441
-.025
.311

Average*

-.397
-.354
.025
438
.300
.081
-.055
~.064
.000

-.422
-.046
414
-.092
-.025
.254

were formed using Fischer's r to z transformation

L
W



As divcussed caclior, this aaalysis has used a faicly naceow deiiod-
tion of student acliicevenent, i.c., exam grades, and hns ighored other
possible neasures ol physics achievement. In particular it has ignored
the development of hipher order cogniitive abilities such as the ability
Lo generalize or to specialize. Davelopment of these higher order cog-
nitive abilities might be associated with emphasis on concepts or theories

(category 5) or with generalizing or specializing (category 8, 9, 10).

4. Relation of Recitation Observations to Teacher RaCings

Finally, we attempted to relate student ratings of imnstructors to
the instructors' use of the various content and behavior categories. Ve
sought to determiae whether any general pattern would emerge relating
teaching behaviors or teaching styles to student ratings of teachers.*
The ratings used were based on those developed and reported by Hildebrand,
Wilson, and Dienst.A Students were asked to (anonymcusly) rate their
recitation instructors on each of the following rating scales.

The teacher:

Rl. Has command of the subjzct, contrasts various points of
view, discusses current developments, and relates topics
to other areas of kncwledge.

R2. Makes himself clear, states ohjectives, summarizes major
points, presents mzierial in an organized manner, and pro-
vides emphasis.

R3. 1Is sensitive to the response of the class, encourages
student participation, and welcomes questions and discussion.

R4. 1Is available to and friendly toward students, is inter-
ested in students as individuals, and is valued for advice
not directly related to the course.

R5. Enjoys teaching, is enthusiastic about his subject, and
makes the course exciting.

Ratings could run from 1 to 7, with 1 indi~ating that the items was "not
at all descriptive of the teacher) and 7 indicating that the item was
"very Jescriptive."

* Please note that our observation program focused on certain character-
jutics of classroom teaching and necessarily ignored other relevant data

which may affect student ratings of teachers, such as the number of times
the teacher was absent from class.

4. M. Hildebrand, R.C. Wilson a.d E.R. Dienst, "Evaluating University
Teaching" (Berkeley Center for Research and Development in Higher Educa-
tion, University of California, 1971), p. 23.

[ ailiand
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Pesults were analyzed by scection rather than by teacher, Signifi-
cant differences (at .01) were found for cach rating scale. Mean values
of sections' ratings are given in Table 15.

Sectlons were usually rated in about the same order on the five
scales. The pattern was as follows:

From his a.t. section, tecacher VI recelved the lowest or second
lowest ratiugs of all teachers on all scales.

The a.t. section of teacher I and the standard section of teacher
VII rated their teachers very highly. These two sections generally gave
very high ratings on each scale.

As was the case with the analysis of observation—-achievement rela-
tionships, our analysis of observation-ratings relationships was limited
by the small number of éections studied. Nonetheless, a type of pattern
did emerge in relation to teacher ratings.

Table 15
Mean Ratings of Recitation Instructors

Maximum Number of

Teacher ratings received* Rl R2 R3 R4 R5

I 22 6.27 6.73 6.36 6.18 5.96
11 13 5.08 6.08 6.00 5.50 5.69
TII 19 4.50 5.47 5.79 5.07 5.00
v 13 5.85 6.23 6.46 5.67 5.58
\Y 10 5.50 5.20 6.30 5.70 4.80
VI 19 4.63 4.95 4.58 4.12  4.17
Vil 20 5.65 5.45 6.15 5.47 5.20
1 12 5.75 6.25 6.25 5.92 5.83
11 28 5.61 5.22 5.07 3.92 4.52
III 24 5.09 5.5 5.75 5.09 5.13
v 19 5.00 5.95 5.47 5.00 4.74
\') 12 5.08 5.75 6.33 5.17 5.42
Vi 14 4.93 5.50 6.14 4.8 4.93
VII 16 6.44 6.19 6.31 6.00 5.81

% Total numbers of responses differed for each rating. For R1, N=238;
R2, N=239; R3, N=241; R4, N=223; RS, N=237.

The two teachers receiving the highest ratings, teacher I and
teacher VII were quite different from each other in style., Teacher 1
featured a 1ecture style emphasizing problem solutions (7) and teacher

VII featured a questioning style (G) emphasizing problem statement (4).
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on tin other hand, the teacher who received the lowest racings,
teache VI, wnu in the niddle on category 4, category 7, and category C.
He wos high on category 6 which indicates an emphasits on mathepatical
explaaations of problems and 0 which indicates that he simply talked
without using any written support. Finally, he was lowest among teachers
on categories 3 and C which refer to the description of physical pheno-
mena arnd the use of drawings on the blackboard.

These results, although quite sketchy, appear to indicate that
the teachers who used highly developed teaching styles were rated signi-
ficantly higher than was the tcacher who used a fairly undeveloped style

of teaching.



V.. Loncluzsion: Cuidedines for Course Decisions

This rescarch has becn conducted in part to assist in the dove Lopmont
of guidelines for course decisions. These decisions are in the following
areas:

1. methods of instruction;

2. procedures for assigning students to methods;
3. coordination of methods of instruction:

4. the operation of the learning center;

5. selection of teaching styles for recitation.

As far as selection of a method of instruction is concerned, both
methods lead to similar levels of achievement for the majority of randomly
assigned students. However, students with relatively low math achieve-
ment and math aptitude may profit more from the audio-tutorial method than
the stand: method. Conversely, students with very high math achievement
and mat* t ‘rtude may profit more from the standard method than from the
audio-t Lrial method.

If both methods of instruction are to be used in a course such as Pll2,
one should keep these factors in mind in the selection of students. IFf
only one method is to be selected for all the students in a course, the
students' math achievement and math ability characteristics ought to be

major criteria in the selection of a method of instruction.

In regard to selection of a procedure for assignment of students to
methods, assignment by preference has many drawbacks in relation to random
assignment. It is more difficult to assign by preference. When pre-
ference is used as an assignment procedure, some students are assigned
contrary to their preference so as to balance class sizes. This leads
to confusion and dissatisfaction. When preferenﬁe is the assignment pro-
cedure, students who select the audio-tutorial method appear to be over-
confident in regard to their success in the course. They under-utilize
tiile gvailable materials and achieve significantly less than do students

who choose the standard method.

- 55 -
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Howevet, stuloats ansinued ny poelorence tend to huve tore Cavocable
attitudes to the method of instruction they roeceive thon students who arc
rondonty assigned,  Noowerrheless, studonts who are randomly assigned
genevally reimin in the wethod to which they are assigned.

On balance, random assignment appears to be preferable to assignment
by prefevence, partlcularly in the light of the consistently lower levels
of achievewent obtained by the a.t. preference group, the failure of a.t.
preference students to utilize the method they rate highly, and their
failure to compensate por lower performance in P112 by performing better
in their other courses.

If both methods of instruction will be used in a course, tha best
assignment procedure would seem to be as follows:

1) assign students at the upper end of the math ability and
math achicvement range to standard instruction;

2) assign students at the lower end of the math ability and
math achievement range to audio-tutorial instruction;

3) randomly assign students in the middle range.

In regard to the coordination between the two methods of instruction,
attention is needed ir order to avoid differing emphases and coverage in
the two methods. Such differences result in student and teacher dissatis-

faction.

In regard to the learning center operations in P112, some difficulties
are apparent. Observationé indicate that periodically there were very heavy
loads on the lab facilities of the learning center, causing breakdown of
apparatus and overflow into other facilities. These problems should be
alleviated by increased technical assistance in the lab. Furthermore,
certain instructers working as tutors interact little if at all with
students in the learning center. Due to the fact that there is very
little student—to-student interaction in the learning center, some effort
is needed on the part of tutors to interact with students and thereby to

personalize teaching in the learning center.
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In regard to recitation instruction, obsecrvations support thoe
followiny:

Less recitaction time should be devoted to quizzes in the audio-
tutorial soctions than in the standafd sections. This would remove
some of the time pressure felt by the audio~tutorial teachers and might
result in incrcased discussion at higher order cognitive levels.

1f recitation instructors are interested in improving studeut
attitudes toward their teaching, they might be advised to develop a de-
finite teaching style. They might, for instance, emphasize either ex-~
position of material or questioning and discussion. The teaching style
which is developed should include adequate use of written supports such

as equations and diagrams.
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Froguently, comparisons of student aciiievamaat in two or more
instructicnal treatments ere reported to result in no signivicant differ-
ences betwean trea;mants]. However, as has been emphasizad racent]yz,
in such studics one also ought to look for interactions batwzen student
traits (including aptitudes) and treatments (e.g., instructional mathods).
If such interactions are found, one treatment may be better for some
students having certain levals on the trait in question, and the 6ther
treatinent may be better for students having otﬁer levels on that trait.

It is clearly important to identify such interactions so as ta guida Fa-
culty and students in selecting instructional methods.

We have used a trait-ireatment interaction approach to analyze
the achievement of first year collicge physics students in two instruc-
tional treatments -- an audio-tutorial treatmant, and a Tecture-recitation-
Taboratory treatment. He have found indications of a disordinal® inter-
action between the treatmonts and mathematical aptituds (as measured by
the mathematics portion of the Scholastic Aptituda Test) and betwean the
treatments and mathematical achievement (as measured by a pretest of our

dasian). The dependant variable was the students’ achievement in the

course as measured by course final grade.

"

%R disordinal interaction is one in which regression lines for the two
treatmants cross within the observed range of the measured traijt.
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-..cussion, and quizzes.) There were lecture sessions at twio scheduled hours CTE

. and about 300-assigned to the other session. On the average, 26 persons . o

imi$ ﬂ”:
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The study was conducted in referonce Lo a one-semester freshaan
Tevel physics course ofiorved to approximately 575 enginearing and physics
rajors at Cornell University. Aboul 984 of the studants were treshimen,

917 viera earolled in engincering, and 959 were males. Most scudents viera

taking the course because it was required. The subject matter of the

course included classical mechanics, special ralativity, and heat. Onaz

seim2ster of calculus was a prerequisite for registration in the coursa.

- The course textbooks were Fundamentals of Piysics by David Halliday and

Robart Resnick and space and Time in_Special Relativity by N. David Mermin.

The course was offered to students via one of two treatmants -~

& lecture-recitation-laboratory (standard) method of instruction and an

audio-tutorial metﬁod:% The content of the instruction was veny'simi1ar

in the two treatwents. In addition students in both treatmonts had the

sam2 homework assignizents, closely similar laboratory assignments, and

identical examinations. The dlorerencw in treatinants, therefore, was Dy

marily one of instructional method, rather than of conuent, assignmants,

or examinations. ' | . | : : -t
The standard mzthod of instruction includad two hours of lectura

and two hours of recitation par week, and a two hour lab every other weak;,

(Recitation rerers to a small group session used for problem SQIV1ng, dis~

tuice a vieek, with about 125 studenus assignad Lo one of these sessions,

‘were assigned to each recitation section, and about 12 to each 12> section,

&3




Tho Tectures wora laught by Prol. John Silcox, vwho also was Lhe co-authoe
of matorials vaed in Lo awlio-tutorial Lreatmont. Racitalbions viore taugnht
by o danidy ooctrs oo b ooiainne Denchiel auaineanis. Laher cbiney seolions
vore taugnt by graduace teeching assistants.

The andio-tutorial m2ibod included one hour of recitation por woek.
This hour of grodp instrection vas included privarily to provide for group
interaction, as w2ll as student contact with one particular instructor and
an opportunity Tor testing. In lhe audio-tutorial method, all other instruc-
tion took plece at the siudent's convenience in a learning center wnucn Was
starfed by tutors (i.e., physics graduatc students and Taculty membars)
fiftty-lwo hours per week. Materials available in the lcarning center in-
cluded demonstration apparatus for self-demonsirations, laboratory equip-
ment, audio-tapa commentaries, and slides. Tha taped cemmentaries and slides
vere coordinated with a study guide developad by Dr. OTT end Professor -
Silcox. Tane-slide-study quide sequences were usad in particular to assist

studonts in Tearning to solve physics probloms.
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Pt anyal el ctidot v s B O T R N TN (RN LSO F R IR
recication seclion., scheditod ol cighi diliveont ciass hours joe btings
B a week. Stadopis woro ansignad o o section o a given ciass houre
on the basis of their other schaduled classes and parsonal pravecenca,
Fifteen ol the tﬁanty»twu recitation sections scheduled at four of the
eight class howrs viere selected Tor inclusion in Lho study.  Those four

1e¢uled

class hours were selectod bacause threa or rore sactions were sc
at each of these hours.

In order to study the effects of student preferencg TOr each
of tha mathods of instruction, we used two procedures of assignméﬁt to'
treatménts. At two of the four class hourslincludad in the Study, studants
were randomly assigned to treatments and to rccitation'sectiqns Within the
treatments. At tha other o hours,'students veye assignad to treatments

on the basis of their prefercnces as exprassed on vastionnaivre adwin-

o
L2

isterad at class meetings during the first week of the semester, Within
each hour, students were thon randomly assigned o spacific sections
within the proferced treatment.” Table 1 illustrates the distribution oF
treatments, procedures of assignmant, and instructors among the fiftean |

recitation sections.

* At each of these hours, wore students chose the standard method of instrue- -
tion than could be accomwodatad if section sizes were to be balenced, Therefore
some studants who indicated that their praference for the standard Irethod vas
not strong viere assigned to the audio-tutorial sections. In all thers were 24
students reassigned in this mannar, an avarage of 8 to cach audio-tutorial
preference section. Subsequantly six of these students Joined standard
sections. These six students were not includad in the data analysis.
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In ovdov o siudy teait-treeatoanl intoractions without convong-
ing Lrealpont oviocts and Frobin o onn oy foopoao,or gheed e Gty
Or Eraits prior to or i W2 vory boeginniog of Whe troaironls.  In this
study, traivs wore (1) rororoed by stedonis on o quositionmaive, or (2)
E2asurad by reans o & path pratest of oue dosign®, all coinletod at tha
first meeting of the recitation sections. From the available inTormation,
the choice of traits to bo tested For nieraclions with trovimants wes
based on the Tollowing criteria:

(1) importance of thz trait with respact to the course and to
the differences in the treatments; | |

(2) reliability and validity of the measurerant of the trait;

(3) ranga of responses to the trait measura.

OF the possible traits detorminad by the questionnairé and the
pretest, tha following three met the criteria: |

(a) mathematical aptituds, as moasurad by the MHathamatics portionl
o the College Entranca Examination Board Scholastic Aptitude Test (SATH),

(b) verbal aptitude, es maasurad by the Vorsa portion of the -
Scholastic Aptitude Test (SATV)**,

{c) mathematics achievarsnt, &s measurad by the math pretest.

*  The ninz-~item multiple choice math praetest is a shortenzd varsion of a
twenty-item pretest used in the same course during tha Spiring sewastor, 1972,
Ihe latter was shortenad by eliminating items that did not discriminate among
different levels of mathematical achievarant, i.e, those items whicy wers
ansiiarad by almost all or almost none of the studants. In contrast tu SATH
items, pretest items ware selected bacause they vere representative of tha
mathematical skills required of the students in this spacific course. Within
each treatmait, the correlation between math pretest scores and SATH was equal
to .33. (Please sce Table 4.) Thus the portion of the variance in math pre-
test scores accounted for by SATH levals is only 117, and the SATH and jath
pretest appaar to have m2asured diffarent student traits.

*% Both SATH and SATY were codzd in 13 levols.,

oV



Thoe correlation coafiicienis of each of iese fraits Wich Final
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gedlysis of choe ralation of e thren tratts to the course |
tnficared thaw SATY vas ot sigatdicontiy relaled Lo fined arade in it
. - R 5! - " - - o vy e mope . pw Ly . - .’.. ~ - . N - -
troatmant.  Thous SATH and maih pretost scores were jound to be the bost

predictors of Tinal grade in eacn troatmani.  The subsaguent enalysis

considars only thasa two traits,
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Course Achicvemant
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AT siudents were roptived Lo iale oix sehodiied wuizaes,

,L@L, JL,

aenerally one guiz every alher weck, as wall as two interin exemina-
tions and a €inal cxam. Tosting thus was not on a seli-faced or &
mastery basis in either treatment. Quizzes viere constructed by the
senfor author (Dr. Ott), and exams were constructed by comwibtees |
of rocitation, laboratory, and lecture instructors.
At the end of the semester a course grade was calculated for
each student. The grade was determined as follous:
Each student receivead
(a) 0-100 points for 1ab‘(based mainly on lab reports);
(b) 0-120 points for recitation (based mainly on quizzas);
(é) .0—100 points for the average of the tvio interim examinations;
(d) 0-100 points for the final examination. * |
The total scores thus_codld range from 0 to 400. Grades vere allocgted in
such a way that the median course grade vas C+, equivalant to 235 to 249
tctal points.
The course final grade therefore reflects achievemant on lab
~- - - poports, quizzes and exams, and performance in lab and recitation sections. o —
As such, it is a broad-gauge measure of achievement in the course. For
this reason tha course grade was used as the measure of achievemaﬁt (da-_

3 pendent variable) in this study.

* The variances of these four subscores were as follows: (a) 523 (b) 315;
(c) 339; (d) 311. Thus lab subscores had less effect than thz other sud-
scores on studant rankings and final course grades.
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Anmalysis of Tnitial Traits and of [inal Gradas

Criparisans of tuileiad biratt weasuras and of Tinal grades
Tded the results given in Table 3. The diffarences in traits which
are significant at 05 are tho following:

(1) Uithin the randem assigneent soctions, tho variance of
SATi4 levals is significantly larger in tha audio—tﬁtor?a] treatment
than in the standard treatment.

(2) For all sections, the variance of SATH levels is signi-
ficantly larger in the audio-tutorial treétment than in the standard
treatment. The mean value of math pretest scores 1s signiticantly
largar in the audio-tutorial treatment than in the standard treatment.

There are ro significant differences in tha means or variances

of final grades.
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Tratv-lesabiont nteraction Analysis

Evidence of an interaction batwoen the traits (math pretast i
score and SATH Tevel) and the traatuznts is shown by the differapcas
botwean tho rcjression cuctiicients in the two treatimenls., The vogression
equations for the two treatments arve as Follows (X is the scorz on tha
math pretest, Y is the_]ava1 on SATH, Z and U are estimated gradas in tha
audio-tutorial and‘standard treatirants, re;pective]y):

Audio-tutorial: Z = -.5175 X, + .2633 Y, + 9.1667

Standard: U + 10.6352

i

hote that tho coafficients of XT and of X2 are nagative because gradss are
codad 1 to 13 from hidh to low and pratests are coded 1 to 9 from low tbl
high. |
| In order to determina whether there are levels on eithar or

both of tha traits which predict graater achicvemant in either troatmant
(and thus to dotermine whather the interaction is significant), ve
analyzad ihe interaction using tho Johnson and ayman tachniquas, s used
the notation given by Johnson and Heyman4, and in an instructive articie

by Koenker and Hansens. The Johnsanwﬂayman technique a11ow¢d us to datep-
mina the conjoint math preéest scores and SATii levels for which.it vias

reasonable to assume tnat the difference in gradas beiw2zn treatinents was

real. The basic statistics are Tisted in Table 4.

* Mote that if one werc to obtain significantly different coefficients for
a single trait, one would have evidence of an interaction betwzen that trait
and the treatmants, In that case it would not bhe necessary to use the
Johinson~Heyman techniquz to determine regions of significant differences.




Vo st the Toevel of sienificance at .10, and dofined

'
- , (' - S [ . : | . ot g .- . .t o
W 30 " |+ 2 » wheire 5 is the nwb2r o paraiszicrs.

In this case v 0" (303 - 6)/ 2.7¢ = 108.33. e chtoinad an

observad valuz of tha test statistic w equal tu 74.858, Thus sinea

0hs
”obs‘< v .10, a region of significance exists atb the ten parcent javel,
Tne region in the x', y' plana is hyperbolic and consists of two parts,
as indicated in Figure 1. At the .10 level of significance, the standard
treatirent is preferable to the audio-tutorial treatment in terms.of'ex-
pacced achievament for students with math pretest scores equal to 9 and
SATH greater than or equal to 725. The audio-tutorial treatment is pre-
ferabla to the standard treatmant for studsnts with math pretest scores
less than or equal to 4 and SATH loss than 625. Both rathods of insiruc?

tion are equivalent in toerms of final grades for studants whose scoras do

not fall within these limits.
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Discussion . - S e
The foregaing analysis has indiceted an intaceation balizen two
traits (scores on a math pretest and Tevels on SATIY) and the wainsd of
instruction, when the dopendent varieble is course grede. A signilicent

= 1)

quaestion remains, however. Vhat aspects of the diTferances batwean treoat-

rants account Tor the interaction?

As we have indicated, the two treatmants used diffarent instruc-
tional componen*s. The standard mathod included two.hours of Tecture and
two houfs‘of reéffation par week and a two hour 130 eVany sacond weak. The
audio-tutorial ma2thod included one hour bf recitation par weak in additioﬁ
fo learning center activities. .

| Thus, there wero major differences beatwsen the treatwents in in-
structional components and in the awount oF timz2 allocated to each inst truc-
tional component. These differences inciuda:

(1) An emphasis on lecture (larga group insfructioﬁ) in ithe
standard m=thod of instruction; an emphasis on learning center activities
(on2-to-cne nnstruct1on) in the audio- tutorial mathod.

(2) A ornabe“ amount of recitation txme'(sm311_grcup-ineruétion)
in the standard Tatnod | | |

(3) Group laboratony'aciivities'in the standard mathod; individual
laboratory work in the audio-tutorial method. | | |

There are other differances bet:een the treatrnnts 1n addvfxon to
those re]ated,to major instructional components. These differences include:

T (4) A greater degree of individualization in the audio-tutorial o

treatment, i.e.,

23
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{a) studants could oheuin instruction when they wishad {or
as lony as thay wishad;

(b) students could stou and repeat instruction;

(¢) s

(5) A greates amount of active ratner than passive learning in

adents could obtain immedicte tutorial assistance,

ck

the audio-tutorial treatnant.

(6) The availability of a wider variety of instructional madia to

students in the audio-tutorial treatment.

(7) The coordination of laboratory activities with other écti—'

vities in the audio-tutorial treatment.

(8) An emphasis on step~wise solution of prohlems in the audio-
tutorial treatment.

(9) Daveloprent of notes in the audio-tutorial study guide.
suitable Tor reviev.

Additionally, thare may have bean differences which are not

intrinsic to the two methods of instruction. For instance, it is possidle

ot

that in these particular raalizations of the treatmeats, tho treatmants
vere interesting to or suitable for studants of different abi]iﬁias or
levels of achievemant. That is, one treatmant may have bean bettar for
highar ability or achievement students and the other for lowar ability
or achievemant students. In that case, the interaction might Ee dua to
characteristics of the particular realizations of the treatmants rather
than of the treatments themselves. 1f this ware the case, one would
expect studants vho werc not well-matched in their instructional rmathod -

to stop atténdfng the lecture or learning center while students who were

o
~
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#2171 matchod to continue in allendancz. Thus, for dnstance, 7 a greotor T
percontage of studonts from the Towar abitity (AT Tevels stopnad attend-
ing @ breatisnd tivan strdonls of L highor ebitity (nlx.) S \.“x, one migac
suspact that this traatmant vas less suiled to the Tower abilily studanis.

In this study, we found that there vere no major didferences in
continuad attendance in leciure among students having different scores on
the SATH. However, there was some tendency, though not strong, fér studants
with higher scores on the math pretest {0 attend a greater percentagé of
lectures than those with lower scores on the pretest. There was no relation
betwzen continuad learning centor attendance and SATM or mathrpretest.séore§.'
The chserved 1nueract10n is, therefore, probably due to differencaes inherent
in the treatments, e.g., those labeled (1) to (9) above.

Of these nine jtems, those are of interest which tond to account
for the fact that correlations beliueen the math pretest and achievemant (and
between SATH and achievament) are lower in the audio-tutorial section than in

tandard section. Thus we are interesiod in those items vhich tend to

(&
"

obviate divferences in mathamatical acnievement and ability amony the audio-
tutorial stud2nts. In particuiar, we ars interested in those differonces
batween treatments which (1) give an advantage to high ability sfudents in
the standard treatmant relative to those in the au&io~thtofia1.truutrﬂnt or

(b) give an advantag2 to low ability studants in the audio-tutorial treatment

“relative to those in the standafd_tfeatment.c




Thorafora, these students would not have an advantage relative to sinilav ~~
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OF 4y Tivat aat o7 thpon Q00T apens dincunand abavay (1) a0
{3) might ter! o beaotic Tuwle abiltity and achiovinat g
audio - tutorial troatoenc, This would vrosult duza to the greater indi -
vidualizaetion of the loaraing coater and eudio-tutorial lab in coirparison
vith Tecture anﬂ the standard Tab.  Oa the other hand, point (2) would s
to Tavor studones in the standird traatmont bocause these studonis had tuice
as nrwuch time devoted to recitation. Because recitations gunerally eﬁphasize

problem solving, it is rcasonable to assume that they might have bezn most

ha

bonaficial for the high ability or achievemant studants. -If this wara

cr

t

casa, point (2) would help to account for the superiority cf tnese studenis

1]

1 the standard treatimznt relative to those in the other treatmant. A noa-

sure of support for this assuwimotion comes from the Tact that in the standard
treatment the siudents having highor math protest scores etteaded a highar
porcentaga of recitations than those with Tower math pretest scores. Thus,

reciiation may have bosn particulariy usciul for high achievanant students,

0F iftems (4) through (Q), a1l miont bo particulariy halpful for
thoso students in the audio-tutorial trecimant with lower aplitude aad
achicvernent Tevels forr the following reasons. Items (4) through (9) indi-
caic that students in thz audio-tutorial treaiment could spend the time re4
quired on portions of the subject matter wiich anSPd than particular 1’ i-
culty. Moreover, students could work in a step-by-step fashion, and could
engage in as much review as thay found nccesvery On tha othar hand, the
kind of instructional assistance described in thase items vould ba of less

fmportance to the highest ability students in the audio-tutorial treatsaat.

76
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_students in the standard treatrant on the besis of itens (4) through (9). L

He conclude, thurefore, that the ebseeved interaction is probebly -~
Aug Lo orrhorert sharaetor o Uien 0 U LU0 L hemiia e Uiy Lo s }
more suitabloe Tor studonts in owr populaticn wWith the hl'}l“ L abilivy and
achioverent, and the other moie suitahls for the studonts in our povula-
tion with the lowest abilicy and achiovament. Racall that tha vangn of
SATH scores was from ebout 500 to 830. The graater dagroe -of individual-
ization in the audio-tutorial treatwzni seems to benafii lower ability and
achievement studants relative to simi1ar studenis ih the standurd treatment.
The greater amount of tims allocated 9 recitation in the standard troat-
mant, and the emphasis in recitation on problem solving, may eccount fer
the yreater achieverant of highar ability and achiavaimant studants in tﬁe
standard treatment relative to similer students in the audio-tutorial treatu'
mant. _ ‘

These results are in general conqgruzat with Cronbach and Saow's
interpretation of earlier trail-treoatmant interecticon studies, As‘sumn 2r-
ized by Sa}omOnG, traatiments wnich force studoants to pay attention to detai]

appoar to bonalit Tow 1Ln"“a1—ab1]1uj studonis, in relati ion 1o highnr 3311‘Hy

(]

students. On thz othar hand, treatmants reguiring rapi id manipulation of

sywbolic waaning appear to banefit -the higher abilily siudents rathar than

low ability students.

At present, it is impossible for us to gereralize from the inter-
action which we have observed in a study of two treatments in one physics

course to other treatmants and other courses, * It would be most useful in

* This research is contlnu'nJ under a grant from the Sloan Foundation,
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) passible traic-troalysat interactions, ™

Synopiis

He have used a treit-troainvent interection approach 1o analyzo
the achievewnt of college physics students in o instrectional i thods —n
an audio-tutorial mathod of instruction and a lecture-vecitaticn-lzboratory
machod. We have found indications of an interaction betwsan mathematical
antituda, achicvawant in mathematics, and the instructional wethods, Tha
dependant variable was tha studants’ echieveinent in the course as icasured
by coufse fin2l grada.

Tne lecture-racitation-laboratory method appozars to b2 mora
suiieble Tor studenis with the highost matheimatical ability and achioveisat,
the audio-tutorial mochod pove suilable for studonts with Joway Lalh-

cewavical adility and echicovemant. Bolh mathods of insteuciion ere cauiva-

N », i F—, iy £08 ey oA e Bl . b - --—- |2 . Sy Y ~'-",- o PRI Y ar kg, oy -
lont in tovias of Tinal grades Tor stadents betveen those oo eoitranns.
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ke thank Halter Federer ond Jason Hillman Tor halpiul suggestions.
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ihe joint frequancies of SATH and prelesi scoras for each troot-
ot ave indicated ot cach poing (x', v').  The peabor of data points
(i.e., tha joint frcqu&ncics) for the asdio-tutorial treatooent are
Tistod at the uppor right at cacii point (»', y'), and ihose vor the
standard treatment are listed at the louar left at each naint (X', y').
The SATM levels are indicated an the y axis, with thair respective scores
indicated in parentheses. The math pretest scores are indicated on the
% axis. The scores of studonts highest in matheratical aptitude and
achievement as weasured by the tvo traits are located in the upper right
hand corner. The scores of students lowasi on hoth traits are located
in the lewer left hend cornar. The 1inecy?runni1g.diagona11y from Tower
1ort to upper right s th +he hyporbolic region of significance.
The Yy Tine intorsaciing the of line is the lin2 of non-significance.
Ga the upper right side of the o Tine the valu2 of tha difference in
predicted grades (i.e., Z2U) i5 et Jeast parginally in favor of studants
sn the standard treatment. On the lover left side of the oxl Tine ihe dif-
foerence in predicted gradas is in [lavor of studanis in the audio-
tutorial treatment. The portion of tie hyperhole in the upper righi

corner is the region in which students in the standard ircatment can b2

“expacted to achizve higher gradas than students in the audio~tutorial

treatment, at the .10 level of significance. This region includas stu-
dents having math pretest scores of 9 and SATHM scores of 725 and above.
Tha portion of the hyperbola in the lower left corner is the region in

which students in the audio-tutorial treatment can ba expected to aciieve
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highor grades than students in the staterd Lreataont, at the J10 Toye)

~
\
t

of stamidicanso, Thin veoion inoTodon sbudapy e Boving pntty prals it e s

Tess than or equal {o about 4, and SATH scoves Towsr than 625
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Nistribntiog of Tresirsatae, Asstoncoal Proceduron, cind bnntractoes
Jowng Vifcoen Reciieiios Soalionn,

Fonimmiant Procodure Class Mocting eoitaiion Instrectors”
or Studoat o Sechion T Rucip-Tutericl  Stancard
Randoin 9:05 i, B ¢, D, E
Rendomn 12:20 F | G; C
Student Preference 10:10 H, G LT
Studant Preferonce 11:15 I H, A
*[nstructors A, C, F, G, H, and 1 taught two sections cach. B, H, and 1
are faculty members; the vemainder are graduate students.
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bhbl e 2

. e . —
Corvelation Cooficionis of Traits vith Final Ceads, Hithin
Treatsnais.
Tratt Audio-Tutorial Treatmant Standard Treatment

(n = 110) (n - 172)
SATH .28 .37
SATY .18 ,_ .09
‘ath Pratest® -.33 -.47
*The negative value of tl = correlation coefficient is dus to the faét that
math pretest scores were coded from Tow to high, whereas ihe grades vera

cod2d Trom nich to low.
wt
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-Basic Statistics for

Standard

Daviations

Covrolation

.~ ”~ - -
Conivicionts

|
)7
/5

% X = Math Preios

tucorial treativen

TAE

Jotinson-lioyman Anr1"x1sw

Treatiients

Auciio-tutoria

17 115
f] = 06,9217

N

¥, = 4.8783

6.8595

el
i

&
Xl
1

= 1.5736

Q
1

' = 2,6095

N

- 3.3679

1

A ]
r = -,.3335
XY
r)‘:? = r J _:J
r = +,2845

Standard

188

1

-——
-

N

X, = 6.4894

= 4 7447

|
N
!

7.0585

=
i

Gx* = 1.7717
iy" = 2,191
- 3.6916

=
tl

N | L I
' = -, 3269

XS

r, = --4876

ﬁyu = 4, 3767

§ core; Y = SATH level; Z = Final Grade in the

Ly U = Tiazl Grade in the Standard treatsiont,
[P Fod
AP
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Aopeiddix B Condend Catopid.es

0 = Silence, includine silence during cuizzes and filus
L] &£ [ ] .

1 = Course and classroom aduwinistration
(acturlly giving assignments, collecting homework, calling class to
order, handing out papers, asking for quiet, discussing grading of
exams, otc.)

2 = References to coantent of.assignments, exams, other parts of course
such as lecture or lab
(to content of a prior or upcoming exam or homewo.k assignment; to
marerial covered in lecture [recitation]; to lab work; to a.t. ma-
terials; brief reference to topics of upcoming lectures or recita-
tions [naming the topics]; giving answers to prcblems without explain-
ing them.) :

3 = Describing a physical system or process or a demonstration; using a
d.agram or a graph to illustrate a process or kind of motion

4 = Stating a problem or rephrasing a problem

w
|4

Defining a concept, stating a theory, presenting a model, pointing out
an analogy
(definitions may be presented in terms of words or equations)

6 = Applying mathematical techniques or operations without reference to
physical implications or meaning
(performing a mathematical operatlion; deriving a mathematical concept
or formula; correcting a mathematical error)

7 = Deriving or explaining an equation or formula with explicit reference
to physical meaning or implications; discussing units
(dincussion of meaning of a term in an equation or meaning of an equa-
tion; deriving a formula for a general case or a specific example, with
explicit reference to the physics involved) . ‘

8 = Crganizing or structuring the material
(transitional stateme.u ;, e.g., saying what will be discussed and why;
reviews or previews of topics)

9 = Beginning to specialize to a particular case from a more general treat-
Lent :

10 - Beginning to generatize from a part..ular case to a more inclusive "
treatment -

11 = Conversation only tangentially related to subject matter

\
st
-3
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Appendix C: Eehavior Categporiaes
’

none of the others
writing an equation or words on blackboard

writing an equation or words on view=-graph
(or showing such a transpacrency on view-graph)

drawing a diagram on blackboard

drawing a diagram on view-graph
(or showing such a transparency on view-graph)

erasing board, moving view-graph, or
removing transparency from view-graph

performing a demonstration or showing a movie
questioning or discussion with one student

questioning or discussion with more than one
student

presenting a question fov use with Instant
Response System

discussing student responses or correcting
answer for Instant Response System question




Appoaddio e Tusrructions to Chaervors

Inatruections for Use:

Notations are wade every 30 scconds of the number corresponding to the
two categories. During the first 15 seconds of cach 30 second interval,
observe the instruction and decide which category is represented. During
the next 15 seconds write down the two category numbers.

Major topics and topic shifts are to be noted as they occur. That is, the
rame of a new topic is to be written down in the line of the topics column
corresponding to the time at which the topic was introduced. Unusual '
events may also be listed here. Also, names of films, or descriptions of
demonstrations should be listed here.

The category labelled "Content" refers to the function of the content be-
ing presented by the teacher (or by the student, during a time interval in
which student talk is dominant.)

The category labelled "Behavior" primarily refers to non-verbal behavior
but is also used to indicate discussion or questioning behaviors.

As ar as content categories are concerned:

—- write down 5, 7, 8, 9, or 10 any time they occur, even if others
occur at the same time

-- otherwise, write down dominant content category.
As far as behavior categories are concerned:
— write down I or J if they occur, even if something else also occurs

-- otherwise, write down the dominant behavior.

2y
O



Appendix E:

Hour .

Teacher

Section #

Observation Record

Ohaervor

Qv

Obs. ended at_

staried at
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Appendix F BEST COPY MVAMAME

Studies of Observations of Teaching Related to Student Achisvement

David 8. Macklin

The purpose of this brief cexploration is to select and recommend
a strategy for the investigafion of sélections from tape recordings
of recitation sections in a college physics course--the one described
in the foregoing report. The tapes are from the same recitations rated
by the observers (p.35).

The strategy has to meet two initial criteria: (1) It should be oriontaed
to teaching behavior, because that is the predominant and important
activity in the recitations; (2) The dimension or dimensions of teaching
behavior atcended to should be cognitive ones or related to such, because
(a) cognitive learning is the primary aim of this course and (b) variations
in teaching-learning among the thirteen sections may be expect:d.

A review of the major recent reviews of studies on observations
systems velated to students' learning was used as the primary method
of search. The foremost review is kosenshine and Furst's, in Travers

(ed.), Second Handbook of Research on Teaching (1973). Rosenshine also

did a review, which was somewhat different, that was published in Westbury

and Bellack (eds.), Research into Classroom Processes (1971). Lastly,
>

Nuthall has a major review in a 1970 Monograph of AERA. A partial check

on coverage was made by using a computer search of the ERIC listings of

1968--mid 1974, for college level courses combined with observational

studies of teaching. These reviews were scrutinized for studies which met

the above criteria and were observations-based and related to student

aculevement. Within the search conducted, it might be noted, almost

no ohservational studies of college teaching wer2 found. ) o
A few major studies will be summarized ,n order to discover the kinds

of factors found relevant in the relationships of observational data and

student learning. A study by Furst yielded a complex set of findings, from

bigh school students in a 4~lesson economics "course". (See Nuthall, 1970,

pp. 19-21.) The 15 classes involved yielded three achievement groups,

relative to one another. The data analyzed were typescripts of the complete
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o T
B’



Toeclass v s The Sl Thnes, Trom a1 s covmarivation of Poess™s b,
were; (1) "...the three high-achicving classes differed {rom the others

in having more'extended' indircct teacher talk, more positive than negative
immediate feedback to pupil responses, and more extended particlpation by the
pupils." (2) A composite variable was constructed by Furst, incorporating

(2) moderate vs. high or low "amount of verbal structuring moves", "a moderate
rate of question-answer coxchange', and "a high degree of varicty in the kinds
of logical processes exhibited." The high achicving group of classes differed
significantly from the other two on this index. Another facet was brought out,
by Rosenshine in the same AERA Monograph, to the effect that significantly more
typescript lines were devoted to "defining'and “interpreting" In contrast to
"fact-stating', by the teachers of the high achievement classes (Rosenshine, 1970,
p. 116).

Two additional findings, based on the Flanders system (1965) of interaction
analysis, were cited by Nuthall. Thay involve "lecturing" and what is labelled
the I/D Ratio, stunding for "Inditect" vs. "Direct" Teacher influence. The nature
of the components of this ratio derive from summing the subclass entries
in each of the two general categories: '

Indirect: accepts feelings, praises/encourages, accepts or uses

ideas of students, asks questions.

Direct: lecturing, giving directions, criticizing or justifying

authority. (See Table 1 for the definitions.)

Furst (as reported in Nuthall, 1970, p. 20) found that the I/D ratio
was related to class achievement, with the ratio being higher (= more Indirect-
ness) in the high performance classes. These particular data point to
a curvilinear relationship, because the lov point is the "average: performance
classes in association with the lowest I/D ratio. But replications are needed
to test this, rather than higher powered statistical analysis of the one set
of data. --Regarding lecturing, the lowest proportion occurred in the high
performance classes (c. 30%), and the highest in the average group (c. 60%)

Wolfson (1973) reports a study of high school students in chemistry
and in general science. Tcachers in these classes who manifested greater indi-
rectuess (Higher I/D ratios) had taught the classes which did significantly

better on major standardizoed tests. The same kind of finding was obtained

-F2-
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by LaShior Groported b inthatt, 1970, np. 15-19) for 10 classes of
Ll prade studoabo da o oneween Sab arie feom o blolugy (5085 cuoricaiug
greater indivectness was sjgnificnnfty fulntud td pains in students'
learning and also to stodentsd positive attitude toward the unit.
A study by Solomon, Beadek, and Rosenshione, reported by Rosenshine in
Westbury and Bellack (1971, pp. 65-67), also merits some attention,
Solomon and his co-workers coded tape recordings, being the obszrvations,
to find differvonces which were related to two kinds of differences in
student achievement: goain in factual knowledze and gaiv in comprehension
of subject-matter. Twenry~four classes of a college level night school,
one-semester course in American government were the study's population.
Two sessions of cach class were recorded. From these recordings, values
for 61 measures or dimeusions were taken. These were combined with
100 measuces derived from ratings by observers and pupils. (It's reasonable
to assume that rating is a sumwary depiction, in contrast to a specific
tire-and-plice observation.) The 161 measures were factor analyzed into
6 factors, then related to the two types of gain: factual and comprehension.
Four of the six factors yielded significant correlations with gain, but
no factor was significantly related to both types of gain.
The results may be presented as follows, which shows both the factor
1abel the authors used and the measure derfved from the observations
which was most closely related to that factor—--in order to give a more con-
crete meaning to label.
Factor related Lo gain in factual knowledge:
"Clarity vs. Obscurity" (proportion of student requests for inter-
pretation to tota. student speech [factor . ~ading: -.56]) -~ corelation
(r) with factudl gain = .58 (p <€ .05; linear relattonship); r=.04
with comprehension gain (not significant).
Factors related to gain in comprehension:
"permlssiveness vs. Control" (proportion of teacher speech to
total classroom speech [factor loading: ~.92}) -- correlation
was slgnilicant (though not reported mmerically in Nuthall's review), but

the relationship was curvilinear, i.e., middle levels of "Permissiveness

~}3-
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vis,  Control" vere assoctated with bigher coaproliension gains.  The

relationship to factual gain was insignificant.

"Energy vs.  Lethargy” (ratio of teacher requests interpretation
to student requests [factor loading: +.76]); r =.44 with
comprehension gatn (p. .05; linear); r =.23 with factual gain (not
significant).

"Flamboyance vs. Dryness" (ratio of teacher personal refercences to
student personal references [factor loading: =.51[); r =.42 with
comprehension gaia (p...05; linear); r =.08 with factual gain
(not significant).

In sum, the two things that stand out in the study by Solomon et al. arc
that certain qualities are related to achievement, and that achicvenent
necds to be considered in a differentiated, rathar tlinm in a global manner.

There is a small sct of related studies which report investigaticns
of "explaining ability". ‘1his topic or characteristic is more microscopic
than the dependent variables in the researches of Furst and of Solomon
et al, Rusenshine's study will be presented here, in particular.

The data for this set of studies come from a singlesource, and are a
peculiarly small sample ol tcaching behavier--although there ds the virtue
of standardization of "what" was Laught. Forty~three tecachers in
high school social studies taught two li-minute lessons on contemporary
events in Yugoslavia and Thailand. Inter~class abllity differcences were
adjusted via students' performance on a test following presentation of
15 minutes ¢f recorded teaching on a third country. Relevant tests were
administered following the Yugoslavia and Thailand lessons.,

Rosenshine (reported in Muthall, 1970, pp.25-26) investigated a
large number of weasures of teacher behavior, in relation to two sub-
groups of teachers--the most and least effective, as measured by their
classes' performances. The three variables that were significantly relaced

. . Y
to cffectiveness (class performance, adjusted for 1level on the 'test" lessont

N

follow:
Gesture and Movement: the more able teachers showed a greater
tendency to move around the room and gesture with  hands, head, and trunks

Rule and Example Patierns: the wore able teachers showed a

,FAW
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greater tendevey Lo state vales botiv bedere and  alter discussing exaaplo:

-~
L

. whilye tess able [successinl] tcachees tended €0 sta-» the rtule only oncey
either before or altes Lhe example,
Explaining Links: the nwore able teachors tended Lo make greater

use of Vinking voeds such as "because, thetefore, in order to, consejuently,

by moans of, since, cte."  (Nuthiall, 1970, p.26).

From the various studies reported, 1t seems warraonted to draw a few
conclusions or geaneralizations.  Since Roseashine and  Furst (1973) list
9 components that they Ffound correlated with student achievensnt in the
studicy they reviewed, the conclusions from this overview will he compared
with that list.

The Fuarat study indicated, for instance, the importance of (a) "extended"
indireet teacher talk, (b) more positive than negative feedback to student
talk, (¢) worce talk by students, (d) moderate "verbal structuring noves"
and (e) moderate rates of questions and answeri. Many of these aspects
are similar to the components of the "indircct' composite catepory of
Flanders* system  of observution, which was found in this Furst study to
be positively related to achievement. Wolfson's and la Shier's studics

supported the siganificance of these kKivds of behaviors also, indexced by

)

the  1/D racio. They, aand like behaviors and  classvoon feraction patterns,
vere also found important in Solomon et al.'s study: Muderate
“"permissiveness vs. control,”" "energy vs. lethargy,” and flamboyance
vs. dryness.'" Lastly, Rosenshiune's identification of physical "gesture
and movement" may (or may not) betoken correlated psychological and
interpersonal flexibility, in conLrast to rigidity.

The descriptive nafes Rosenshine and Furst used for variahles related
to the above are "Variability," "Eunthusiasm,"” "Criticism" (typically, a
negative relationship to student achievement found), "Teacher Indirvcctness,”
and "Use of structurlng comments" (1973, pp.156-7).

The second theme that cin be found in the conditions of student achieve-

ey

ment, from the above studies, is much more specifically "cognitive," infor-

mat fonal, or rational/imeatal in nature.

O

“ERJC
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Furst ¢ltes, as promotive of student leacning, teachers exhibiting a

' Roseashine's comments

variety of lopical processes, tnd leds "lecturing.'
on Furst's study added that there were more incidents of defining and
interpreting in the high-achieving classes, compared co fact-stating.

Solomon ct al's study indicated "clarity" was fmportaat for gaining

factual knowledge, but it was not related to comprehension.  Then, Rosenshine's
study of micro-units of teaching behavior indicated that both explaining
links (Mthervefore," "since,”" ete.) and rule—-example-rule patterns

were impoctant.

Rosenshine and Furst, in thelr review of the correlational studies
(1973, pp.156-7) give "clarity" and "multiple levels of questions or
cognitive discouse" as the categories that are related to the fore-going.
~-Thus, "task-oriented and/or businesslike" is the only one of thelr
nine variables that is not p..ralleled in the above set. Hence, the
general parallels betweenth.s veview and the summary list from Rosenshine
and Furst support the implicit. argument of thi~ revicw -- that these
types of vaviables are the ones of appaient importance and thercfore
should take precedence.

The foregoing studies supgest companion cirvcnmstances .as being
important. First, interpersonally responsive interactions between teacher
and students ( and students and students), such as "moderate' contvol/ permis-
siveness, mudufates rates of questioning and answering, and of lecturing,
‘more extended” student participation (rather than "rapid-fire" exchanges),
etc. have been shown to be significant. These seem to be highly
compaible with the indirect aspects of the  Flanders system of classifying
teacher influcance. (See Table 1 of this apt ondix.)

The indirect influcnces would reasonably appear to Incorperate at
least two dimensions of learning eavironments: (1) an atmosphere of
warath, more egalirarianism (though not pupil control), interpersonal
respect; these azre the value aims of Flanders, in fact. (2) mor:
oppurtunity for student participation, for instance, in terms of some
initiative in asking questions, and practice (overtly and covertly) in
using ideas, thinking logically. Consequently, the Flanders classification
system is recommended for influsion in studios of physics courses or any

-

coliege coursc.
h-ll‘6-
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The swecocd ccpecatication frow the studics aad reviews is the
importance ol cognitive components of teaching and learning. Variety
of 'logical processes, more inutances of teachers' defining and interpreting
vs. fact-stating, the utility of "explaining 1links" and rule-example-rule
patterns are indicators of this broad class of phenomena. The system that
has been specifically designed to differentiate this domain is the
Bloom taxonomy of cognitive beliavior(1956). 1Its basic premise is that
there are levels of cognitive activities that differ in complexity and
that can be arranged in a hierarchical order with respect to complexity
and inclusiveness. The simpler levels are factual, then "trauélatinn,"
moving into intecpretation, applications of knowledge, analysis, to the
nost complex, mnamely synthesis, and evaluation. Brown and his co-vorkers
at Florida (Brown ct al, 1971 and Webb, 1970) bhave.refined and further
systematized Bloom's work, for readier application to tecaching events.
Thus, this Florida system is recommended here. (See Table 2 of this appendix).
Additionally, a serious attenpt shouid be made to exanine and
classify the cognitive levels and their relative weightings which ave
minilmally necessary to meet the achievement performance criteria of the
course, most centrally the cxaminations. Not only has research shown that
diffcrent conditions of teaching/learning are related to different typoes
of criterion performance (cf. Solomon et al.), but it cannot be taken for
granted that differentiated classroom cognitive tasks, in the Bloom s-nse,
are appropriately reflected in the things the students "ceally" have to

learn, namely what is required of them in order to earn their grades.’

Rosenshine and Furst point out (1973, p. 158) that, where tested,
such findings as have been presented here, based on correlational studies,
have not been replicated in cxperimental studies, i.e., those using eiplicit
manipulation of teaching behaviors as independent variables. One view of
this non-replication would be that the variables manipulated are not the
critical ones . A different view would be that something(s) critical is
changed, but unmeasured -- In both types of studies =-— such that an

experimentally designed course is not comparable to the 'natural' ones which

~F7~
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have been observed. Although a content aralysis of this physics course
would constitute a correlational study, studics of any college courses are
too scarce. Therefore it seews worth the cffort to undertalte a study of
this physics course with respect to the cognitive and interactive varicbles
reconnended. A much more ambitious, presumably cxperimental, progran
of studies would be required to dinvestigate the sources of the discrepancies

in findings of the two types of studics.
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Table 1 BEST COPY AVAILABLE

Droanagy ol Unlegosies oy the b Laders System ol

Interaction Analysis in its Regular Ten~Category Form®

Teacher Talk

Indirect Influence

1.

4.,

Accepts Feeling: accepts and clarifices the feeling tone of the
students in a non-threatening maaner. Feelings nay be positive
or nepative. Predicting or recalling feelings are included.

Praises or Fncourages: praises or encourages student action or
behavior. Jokes that release tension, not at the expeuse of
another individual, nodding head or saying "um hm" or "go on"
are included.

Accepts or Uses Tdeas of Student: clarifying, building, or
developing ideas or suggestions by a student. As teacher brings
more of his ideas into play, shift to category five.

Asks Question: asking a question about content or procedure
with the intent that a student answer.

Direct Influence

5.

6.

Lecturing: giving facts or opinions about content or procedure;
expressing his own ideas, asking rhetorical questions.

Giving Direction: dircetions, commands, or orders to which a
student is expected to comply.

Criticizing or Justifying Authority: statements intended to
chanze student behavior from non-accept[able] to acceptable
pattern; bawling someone out; stating why the teacher is doing;
extreme self-reference.

Student Talk

8.

9.

Student Talk--Response: talk by students in response to teacher.
Teacher initiates the contact or solicits student statement.

Student Talk--Initiation: talk by students which they initiate.
If "calling on" student is only to indicate who may talk next,
observer must decidz whether student wanted to talk. If he did,
use this category.

[Neither of above]

10.

Silence or Confusion: pauses, short periods of silence and per-
iods of confusion in which communication cannot be understocd
by the observer.

* From Flanders, N.A., Teacher Influence, Pupil Attitudes, and Achieve-

ment..

Coop. Res. Monogr. No. 12, OE 25040. Washington: U.S. Dept. of

H.E.W., 1965, [In turn, taken from p. 35 of Ober, R.L., The recipro-
cal category system, J. Res. & Devel. in Fduc., 1970, 4(1), 34-50.]
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it 2 BEST COPY AVAILABLE

Chre ot i Uoonony 08 COLL T IV i Ve

1.10 Knowledge of Specifics

1.
2.
3.
b
5.

O

reads

spells

identifies sowething by name
defires m2aning of ternm
pives a specific fact

tells about an cvent

1.20 Xnowledge of Ways and Means of Dealing with Specilics

7.
8.
9.
10.
11.
12.
13.

recoynizes symbol

cites rule

gives chronologlcal sequence

aives steps of process, describes method
cites trend

pames classiflication system or standard
names what fits glven system or standard

1.30 Knowledge of Universals and Abstractions

14.
15.
16.
17.

states genaralized concept ov idea
states a principle, law, theory

tells about organization or structure
recalls name of principle, law, theory

2.00 Translation

18.
19.
20.
21.
22.

23.

restates in own words

gives concrate cxample of an abstract idea .

verbalizes from a graphic presentation

t ranslation of verbalization into graphic form

translates figurative statements to literal statements
or vice versa

translates foreign language to English or vice versa

3.00 Interpretation

2h.
25.
26.
27.
28.
29.

zives recasons (tells why)

shows similarities, differences

summarizes or concludes from observation of evidence
shows cause and effect relationship

gives analogy, simile, metaphor

performs a directed task or process

4.00 Application

30.
1.

applics previous learning to a nzw situation
applies principle to new sltuation

(continued)

% From Brown, Bob Burton et al., The Florida Taxonomy cf Cognitive
Behavior, 1971.
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Table 2 (cont'd)

320 applivs abstract kuovledge T practlead siovatlon
33, identifies, sclects, and carries ottt process

5.00 Analysis

34, distinguishes fact from opinion

35. distinguishes fact from hypothesis

36. distingulshes conclusions from statements which support it
37. points out unstated assumption

38. shows interaction or relationship of elements

39, points out particulars to justify conclusiocn

40, checks hypothesls with given information

41, distinguishes relevant from irrelevant statemeats
42, detects error in thinking

43. infers purpose, point of view, thoughts and feelings
44. recogulzes bias or propaganda

6.00 Synthesis

45. reorganizes ideas, materials, processes

46. produces a unique communication or divergent -dea
47. produces a plan, proposed set of operations

48. designs an apparatus

49. designs a structure

50. devises a scheme for classifying information

51. formulates hypothesis, intelligent guess

52. makes deductions from abstract symbols, propositions
53. draws inductive generalization from specifics

7.00 Evaluation -

4. evaluates some=thing from evidence
55. evaluates something from criteria
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